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PREFACE 


This book offers a synthesis of the data of the sciences, as these 
appear at the time of writing. 

The mutual dependence of the sciences and the philosophies 
is increasingly evident. Philosophy without scientific ground- 
ing is either empty abstraction, or else a dwindling store of 
myths and traditions, open to the charge of rationalization and 
wishful thinking. Science without philosophy is either isolated 
specialization, or else a staggering accumulation of unrelated 
observations and experiments. 

The trend toward more synthetic and systematic views has 
been widely recognized and sometimes notably marked out, as 
by S. Alexander in Space, Time, and Deity, and A. N. White- 
head in Process and Reality. Compared with these, the present 
_ attempt is based more directly upon detailed empirical evidence, 
although it does not hesitate to supplement available evidence 
by plausible inference. It is much less involved in theories of 
perception or of knowledge; some of these inevitable questions 
are met by assumptions which are stated at the start and after- 
ward referred to as they are needed. It is much less explicit 
in formulating a philosophy of religion, although the problem 
of man’s more complete adjustment to a universe of such struc- 
tures and processes as are here exhibited follows as a matter of 
highest importance. 

- Historically, the attempt here made links with important 
traditions common to both Oriental and Western philosophy, 
although it does not coincide with them. The traditions are to 
the effect that men, and often other portions of the universe, 
are ‘‘microcosms,’’ or little worlds, compared with the larger 
‘‘macrocosm’’ around them. In Western philosophy this view 
appears among the Greeks, and is carried along by the Stoics, 
as well as by the mediaeval philosophers, Mohammedan, Jewish, 
and Christian. In the early modern period it is found in con- 
nection with the new scientific interests, especially in Leibnitz. 
Kclipsed in the period of the critical philosophy, it reappears in 
the great systems of Hegel and his followers. Since the time of 
Fechner and Lotze, the influx of empirical data seems to have 
Vil 
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overwhelmed the tradition, so that even Herbert Spencer’s syn- 
thesis, preoccupied as it was with the idea of evolution, passed 
it by. More recently it has reappeared here and there, and 
occurs in scattered forms in much contemporary science and 
philosophy.t The present attempt is not a revival of any of 
these views, although it has points in common with all of them. 

Objections to such an attempt are numerous; most of them can 
be dealt with only as we proceed, and in the light of the argu- 
ment as a whole. One of the most obvious general objections is 
that the attempt depends upon what may be called the method 
of analogy, which is regarded as superficial and insecure. But 
it is here held that most objections to the method are directed 
against its easily recognized abuses, and that when the data of 
the sciences are exhibited, as here, in a way both comprehensive 
and detailed, analogies between matter, life, mind, ete., are 
germane to the data and give valuable clues to the structure of 
the universe and the relationships of its parts. In other words, 
it is a little analogy that is the dangerous thing. Sometimes 
the argument seems to rely even upon metaphors, but it is held 
that in this respect metaphors often mask dependable features 
of the world. 

Another general objection is that scientific theories are so 
continually changing that no secure philosophy can be made to 
depend upon them. The statement is a loose generalization. Of 
course some theories change, particularly along the frontiers of 
investigation, but certainly in many respects our knowledge of 
the universe around us has reached a reasonable degree of sta- 
bility. And even where theories are changing, it should be 
possible for metaphysics to detect general principles true for 
either of two opposed scientific theories, and thus to make pro- 
vision for whichever turns out to be more adequate. These prin- 
ciples can be more detailed than those of dynamic philosophies 
which merely restate the fact of change, and more faithful to 
the objective world than those of pragmatisms which magnify 
into a metaphysics our methods of inquiry, experimentation, 
verification, or control. 

Some will see in the attempt a kind of pigeon-holing system, 
or perhaps a building-block universe which will seem abstract 
and artificial. But the value of this method may be best seen 


1See G. P. Conger, Theories of Macrocosms and Microcosms in the His- 
tory of Philosophy, 1922. 
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from its results, and the results show a coherence and consistency 
seldom even looked for in the universe. Granting that attempts 
at systematic philosophy are always worth while, one may as 
well give up the thought of attaining system without being 
systematic. And to condemn a system of philosophy as abstract 
is often only wrongly to expect in a careful interpretation of 
life the qualities of life itself. 

The hypothesis of repetition of patterns, or epitomization, has 
been presented in preliminary fashion elsewhere,? but the pres- 
ent discussion is much more detailed. Except in the more 
original portions of the argument, the book has been rather 
thoroughly documented, even in elementary points, in order to 
provide facilities for readers who may be unfamiliar with some 
of the special fields or who may wish to search out the sources 
of statements made or to read further in the literature. Other 
methods of treating the data seem on the whole less satisfactory, 
even though the extensive citations reveal in the sources some 
heterogeneity. Such heterogeneity is inevitable in the nature 
of the problem, and a synthesis may gain rather than lose by 
the number of its points of contact. Although direct quota- 
tions are not always indicated, statements have usually been 
made in the words of their authors. Where the argument in- 
volves changes of wording or point of view, this is indicated by 
*“see’’ or ‘‘cf.’’ prefixed to the citation. 

The author’s indebtedness to teachers, colleagues, and stu- 
dents has in not a few cases accumulated over a period of years, 
and is very great. No acknowledgment is rendered more heartily 
than that to the members of the staff of the Princeton University 
Press, who have cooperated so well in a difficult task. The book 
is sent forth in the hope that the men and women who work in 
the sciences and philosophies may come to understand one 
another better, and may continually enlist new minds in the 
enterprise. 

GrorGcE PERRIGO CONGER 
THE UNIVERSITY oF MINNESOTA, 
May 18, 1931 


2See G. P. Conger, ‘‘ Evolution and Epitomization,’’ Monist, 31, 1921, 
pp. 536-84; A Course in Philosophy, 1924, pp. 491-543; ‘*‘The Doctrine 
of Levels,’’ Journal of Philosophy, 22, 1925, pp. 309-21; ‘‘ What Are the 
Criteria of Levels?’’, ibid., 23, 1926, pp. 589-98; and ‘‘A Hypothesis of 
Realms,’’ ibid., 25, 1928, pp. 205-17. In the present discussion the term 
‘‘realm’’ is used in place of the earlier ‘‘cycle,’’ and ‘‘monadic charac- 
teristic’’ instead of ‘‘monadic category.’’ Names of levels, etc., are also 
somewhat altered. 
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CHAPTER I 


A PRELIMINARY STATEMENT OF THE HYPOTHESIS OF 
EPITOMIZATION 


“T dare to ask if there may not be in these ages of simpler existence 
something corresponding to the method pursued by nature in its highest 


stages. ... The ground which justifies us in asking this question is 
that the beginnings of things present phenomena analogous to those of 
life. . . . If it were so, the history of life and mind, and we may add 


societies, would not be so isolated a feature of things as it seems.” 
S. Alexander, Space, Time, and Deity, 1920, Vol. 2, p. 55. 


With each new advance in the detailed investigations of the 
sciences there looms up higher than ever the problem of man’s 
place mm the universe. It is the problem of problems; other 
questions, and even their answers, serve only to intensify it. 
Sometimes, like a mountain range, it seems to recede as one 
approaches it. There is even the suspicion that ranges which 
some of the philosophies of the past have thought they were 
really discovering have dissolved into clouds and mirages upon 
the horizon. And still, in spite of every setback in reality and 
every clearing up of illusions, the essential problem remains. 
It is ike Mount Everest; it will not down. A new attempt at 
it, provided the attempt be planned with foresight and carried 
out with thoroughness, is always in order. The time seems to 
be ripe to attempt a new approach, by a method which makes it 
possible for the various sciences to assist one another in new 
ways. This may be called the method of comparative science; 
in it, by the discernment of certain general principles of struc- 
ture and process operative everywhere, the data of each separate 
Science may help to solve the problems of the others. It stands 
to reason that before the problem of man’s place in the universe 
can be adequately answered, there must be some attempt to find 
the places of other things, and, if at all possible, to trace the 
pattern and scheme of the whole. Such an attempt is open to 
all the dangers of intellectual exploration, but offers a corre- 
spondingly high challenge to new thinkers of today. The at- 
tempt is worth risking some losses and some mistakes—for 

1 
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around that mountain range, if it can be reached, it must be 
that the continent of the sciences lies spread out where at last 
it can be seen as a whole. 

2. Taking metaphysics to be the study of general principles 
which can be detected throughout the cosmos, and endeavoring 
to formulate some of those general principles, we start with the 
view that the cosmos can be divided at least roughly into the 
realms of matter, life, and mind. The realm of matter will here 
be taken to include the data of physics, inorganic chemistry, 
astronomy, and geology; we shall call it the cosmogonic realm. 
The so-called realm of life will include the data of organic chem- 
istry, the various biological sciences, and the biological aspects 
of sociology; we shall call it the biotic realm. The so-called 
realm of mind will include the data of neurology, psychology, 
and at least part of epistemology; we shall call it the newropsy- 
chological realm. Perhaps other realms can be detected; this 
question will concern us in Division Two. 

3. Throughout our investigation we shall try to keep episte- 
mology subordinate to metaphysics; but, at least for the sake of 
our argument, certain epistemological theories are assumed. 
This apparently arbitrary procedure is not because there are 
not in each case arguments on the other side, but because this 
book is mainly about something else, and something which may 
help to correct the extravagances of the traditional theories. The 
first of our assumptions is the general realistic view that the 
world exists independently of our minds, although we shall ulti- 
mately find a good deal of truth in ‘‘speculative idealism.’’ The 
second is the mechanistic view that mind is nervous system at 
work, although this view of the mind-body problem will need to 
be qualified by what may be called ‘‘epitomizing interaction.’’ + 
We assume that by effort and control we modify part of the ob- 
jective world called the environment, especially the social en- 
vironment, somewhat, but we do it in conformity with, rather 
than by modification of, the metaphysical principles which we 
shall presently study. The next assumption is that no exclusive 
dependence should be placed upon any one method of obtaining 
knowledge, but rather upon what Montague calls a ‘‘federation 
of methods,’’? exhibited here in an organic connection. The 
last assumption is a theory of the limitations of knowledge 


1ef. G. P. Conger, A Course in Philosophy, 1924, pp. 203f, 497, 505f. 
2W. P. Montague, The Ways of Knowing, 1925, pp. 2247. 
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which has been developed in a preliminary way as the ‘‘implicit 
duality of thinking.’’* The argument starts with the fact that 
perception is selective, and that any object perceived is selected, 
while at the same time its background is neglected. The same 
principle is then applied to thinking: I think of any given se- 
lected object or topic, a, by reason of the fact that I am able to 
think of an excluded and neglected not-a. Of the selected object 
or topic I can think descriptively, analytically, articulately, ‘‘con- 
notatively’’; but of the neglected background I can then think 
only in an indeterminate, open, unexplored reference. In the 
earlier work this latter thinking was called ‘‘denotative’’; but a 
further study of the principle of implicit duality, in preparation, 
will employ for this the term ‘‘enotative’’; will group the conno- 
tative and denotative, as usually defined, together; and will de- 
velop the principle to apply also to residual gaps within the 
connotative-denotative field, for which gaps the term ‘‘innota- 
tive’’ will be used. The principle is of application particularly 
in problems involving milieus, infinites, beginnings and endings, 
negatives, continuity, and possibility. 

4, The data of the three realms are often said to exhibit 
‘“levels’’ or ‘‘configurations,’’ ranging from lower or simpler to 
higher or more complex. The theory of levels is very intricate; 
any treatment approaching completeness must come if at all in 
the course of our whole discussion. In Division One of the 
discussion we shall present some reasons for distinguishing, in 
the cosmogonic realm, these levels: (1) Distributions of Energy, 
sometimes called lines or tubes of force, and best known as 
radiations; (2) Units of Electric Charge, 2.e., protons and elec- 
trons; (8) Atoms, especially with regard to the differences 
between hydrogen and helium and the heavier elements; (4) 
Astronomical Bodies, including nebulae, stars, and planets; 
(5) Stellar, Solar-Planetary, and Planet-Satellite Systems; (6) 
Galaxies, or spiral nebulae; (7) Clusters of Spiral Nebulae; 
(8) Clusters of Clusters of Spiral Nebulae. In connection with 
all the foregoing we shall consider (9) The Cosmogonie Universe 
as a Monad. 

In the biotic realm we shall distinguish (1) Organic Com- 
pounds, up to and including amino acids; (2) Molecular Com- 
plexes, including organic colloids; (8) Infracellular and Uni- 


8On these epistemological problems, see G. P. Conger, op. cit., Chaps. 
25-27, and Appendix A, esp. p. 468, n. 1. 
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cellular Organisms; (4) Multicellular Organisms, including col- 
onies, plants, and animals; (5) Plant Societies and Plant-and- 
Animal Societies, the latter including primitive human groups; 
(6) Tribal and National Societies; (7) Imperial and Federated 
States; (8) Racial or Continental Societies. In connection with 
the foregoing biotic levels we shall consider (9) The Total Biotie 
Population of the Earth as a Monad. The study of the neuro- 
psychological realm requires considerable preliminary discus- 
sion as indicated in Chapter XIV; here we shall merely list the 
new levels as (1) Neuroid Conductions in excitation ares; (2) 
Conductions in Receptor-Effector Systems; (8) Reflex-Conduc- 
tions, or Reflexes, including complex reflexes; (4) Pattern- 
Conductions or Reactions, including those of the chromaffine, 
autonomic, and cerebro-spinal systems; (5) End-Reaction Com- 
plexes, including some instinctive reactions, in which autonomic 
and cerebro-spinal conductions are variously combined; (6) 
Sentiment-complexes, or Sentiments; (7) Value-Complexes, or 
Valuations; (8) Selves. In this connection we shall finally 
consider (9) Individual Nervous Systems, and especially Human 
Personalities, as monads. 

The numbering of levels used above, with some modifications 
to be introduced later, is held to exhibit in each realm, at least 
roughly and in restricted regions, an evolutionary sequence.* 
The general theory of evolution is, like that of levels, provision- 
ally adopted here and left to be rendered more precise as we 
proceed; for instance, as we shall try to show, the sequence of 
levels is considerably affected by processes of differentiation, 
and the words ‘‘prior,’’ ‘‘later,’’? and the like may be understood 
in a logical rather than a temporal sense. 

5. The structures characteristic of each of these levels will be 
called ‘‘monads.’’ It is as difficult to define monads as to define 
levels; the two problems are really one, and to discuss them re- 
quires long examination of their details. As our argument 
develops, it will be maintained that the criterion of levels and 
monads is that in their structures and processes they exhibit 
what we call the monadic characteristics. Put most briefly and 
generally, these characteristics are (00.10) individuation rela- 
tive to other monads, (00.20) interactions, including appropria- 
tions and rejections, (00.30) repeated production or reproduc- 
tion, and (00.40) segregation, which last includes processes of 


4See G. P. Conger, New Views of Evolution, 1929. 
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disintegration, aggregation, integration, and differentiation. 
These characteristics are sketched in some detail, but abstractly, 
in the next section, where the decimal numbering is explained. 
‘*Prior’’ and ‘‘later’’ monads are monads of prior and later 
levels, respectively. ‘‘Cognate monads’’ at any given level are 
monads of that level. 

6. According to the hypothesis of epitomization, to be devel- 
oped in this book, (1) all the monads of the various levels and 
realms exhibit sigmficant resemblances in their characteristic 
structures and processes. This may be called epitomization by 
monads or epitonuzation by analogy. Epitomization by paral- 
lelism differs somewhat from this, as noted in Section 7, below. 
Resemblances of structures and processes in the various monads 
are traced in the four monadic characteristics just noted. The 
monadiec characteristics are not regarded as being independent, 
nor as altogether distinct from one another; all the character- 
istics are interrelated even in more ways than are shown. If 
considered as a postulate set, they do not have the characteristic 
of ‘‘neatness’’; they are, in fact, more organismic than that. 
It is not claimed, either, that the list is exhaustive; there may be 
other characteristics and other levels. Especially, it is not 
claimed that the four characteristics which are discussed follow 
one another in the actual world in the sequence of the number- 
ing used. Some sequence is made necessary merely by the fact 
that we can not discuss all the bearings of any topic at once. 

We noted above that while the numbering of levels within a 
given realm does carry some indication of evolutionary sequence, 
the numbering of monadic characteristics within a given level 
does not. This difference is indicated throughout our discussion 
by numbers placed to the left and right, respectively, of the 
decimal points. The system of decimals, adapted from current 
works on mathematical logic, is to be taken as a convenient nota- 
tion rather than a numeration. Decimal numbers in parenthesis 
are usually placed just before the data to which they apply. 
This system is used in place of more cumbersome systems in 
order to facilitate comparisons between the various monads, 
levels, and realms; any arbitrary signs could be used if they were 
equally easy to locate throughout successive chapters. The dis- 
cussion will proceed independently of the numbers, which may, 
if any one wishes, be disregarded. The first number to the left 
of the decimal point, i.e., the number in units’ place, indicates 
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always the number of the level, while the second to the left of 
the point indicates the number of the realm under consideration. 
The first number to the right of the decimal point indicates the 
monadic characteristic under consideration; the other numbers 
to the right indicate successive subdivisions in the discussion of 
this characteristic. The numbers do not by their numerical 
values indicate relative importance of topics. They are designed 
to show by their decimals subordination of topics as here pre- 
sented rather than to provide for interpolations, although inter- 
polations and rearrangements of material may be desirable. 
Minor variations in the numerical order will sometimes be 
employed where they clarify the discussion. Where two num- 
bers are indicated, it is understood that either applies. For 
some monads and characteristics the subdivision is carried fur- 
ther than for others, even in cases where the other monads are 
supposed, in accordance with our hypothesis, to exhibit epito- 
mizing analogies or parallelisms. Analogies obtain between 
monads and other monads, and parallelisms obtain between 
realms and other realms, but neither obtains between subordinate 
features of the monadic characteristics of a given monad. For 
example, 44.211 is analogous to 43.211 and parallel to 54.211, 
but 44.211 is neither analogous nor parallel to 44.111. The 
fact that many structures and processes are cumulative makes 
some analogies difficult to follow in detail; but parallelisms ob- 
tain whether analogies do or not. For instance, 54.24 is not 
altogether analogous to 53.24, because the prior monads referred 
to are different. But 54.24 is parallel to 44.24, 34.24, ete. Ina 
few very detailed subdivisions, in which, if the matter is less 
obvious, it is indicated by asterisks (*), analogies do not obtain, 
but parallelisms do. For example, 43.25322 * is not analogous to 
4425322 *, but is parallel to 53.25322 *, Sometimes numbers 
without decimals are introduced in parentheses to bring out 
points made prominent in current discussions, without any epit- 
omizing parallels in other realms. Sometimes the signs ?? pre- 
ceding the decimal numbers indicate an apparent failure of the 
analogy or parallelism. 

In spite of the fact that such treatments are uninteresting, 
the monadie characteristics should somewhere be outlined in the 
abstract, as independently as possible of the data, and the ab- 
stract discussion may well precede the detailed examination of 
the evidence. If the following paragraphs are difficult at first, 
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it may be well to pass over the remainder of this section, or to 
elarify it by turning, with the aid of the decimal numbers, to 
examples of the given characteristics in later chapters, which 
will offset the apparent a priorism. The abstract treatment will 
be indicated by zeros preceding the decimal points. 

(00.10). Individuation, the first monadic characteristic, 
raises many questions, for historically it is associated with prob- 
lems of the limits of divisibility, of the nature of substance, of 
the Absolute Individual, and of the nature of perception and 
definition. These formidable difficulties seem best accommo- 
dated by recognizing, in accordance with the principle of implicit 
duality, that individuation is always (00.11) relative to (00.111) 
a milieu which consists of monads of prior realms, where there 
are any; to (00.112) prior monads of the given realm, where 
there are any; and to (00.1138) cognate monads. Among some 
of these last there is often prominent a (00.1131) dyadic rela- 
tionship, a priority of one cognate monad or set of cognate 
monads over others, in some respect which often appears only 
when all these monads have been segregated in (00.114) later 
monads. Under local conditions, especially in later monads, 
there may be numerically more of one class or member of the 
dyad than of the other, without affecting the dyadic relationship. 

(00.12). When we consider monads a,, a,, ete., of a given 
level n, we find that, at least in all but the initial or final levels 
of a realm, monads of level m may be produced either by inte- 
gration of monads of level »n—1 or by differentiation within 
monads of level »-+-1 or later levels. Where the latter type 
of segregation takes place, the process may be considered either 
as differentiation within the given level or as integration of 
prior monads now contained within it. We shall indicate this 
by the statement that individuation is convergent. | 

(00.13). Monads of most of the levels exhibit various degrees 
of complexity of organization, 1.e., various sub-levels; these may 
be specified roughly as (00.131) simple, (00.182) compound, and 
(00.183) complex. ;Where the analysis is carried through in 
detail, provision has to be made for (00.1311) simplest organi- 
zations of not more than two monads of the preceding level— 
the new organization, according to the principle of convergence, 
being viewed as either (00.13111) integration or (00.13112) 
differentiation. One finds also (00.1312) other simple organi- 
zations approximately of the same type as the simplest, but 
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formed of slightly larger numbers of prior monads, whether by 
(00.13121) or (00.18122) differentiation. Sometimes there seem 
to be (00.1313) simple organizations, where prior monads in the 
dyadic relationship form comparatively extensive and somewhat 
regular combinations, but with a minimum of central, or what 
corresponds to central, structure. Any of these simple organi- 
zations or any of the complex organizations about to be consid- 
ered may be (00.1821) compounded or aggregated into local or 
limited groups of monads. Such compound organizations may 
be preliminary to the complex organizations considered below; 
in many cases there seem to be transitions from the one to the 
other. More detailed analysis is of little interest; one might 
note that (00.1322) compound forms may be themselves com- 
pounded. It appears that (00.133) complex organizations are 
made up of simple or compound cognate monads. They thus 
include (00.1331) complexes of simple cognate monads, formed 
convergently either by (00.13311) integration or (00.13312) 
differentiation; (00.1382) complexes of compound monads, 
formed convergently ; and even (00.1883) complexes of complex 
monads, formed convergently. Within complex units differen- 
tiation of structure (see 00.25) is most marked. 

(00.14). The relative individuation of any monad is affected 
by its other monadiec characteristics; as we shall see, individua- 
tion may be maintained in (00.20) interactions, extended to new 
monads in (00.30) reproduction, or lost or modified in monads 
of a different level in (00.40) segregation. 

(00.20). The relative individuation of a monad is conditioned 
upon, and up to a certain point maintained by, selective inter- 
actions. If ‘‘selective’’ seems to involve too much psychologism, 
‘‘ differential’? may be used instead. In any sense other than 
that of the most barren abstraction, individuation consists in 
interaction, and an individual is essentially an interactor. The 
processes grouped under this characteristic are of very great 
complexity, and any attempt at precise analysis must be far 
from complete. In order to attain even approximate complete- 
ness one would, for example, have to prepare a separate account 
for each simple, compound, and complex monad of each level 
and realm, covering all the points about to be cited as well as 
others here left unexplored. 

(00.21). Interactions consist, first, of appropriations. This 
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process seems to be involved in Sheldon’s ‘‘ productive duality’’ > 
and Whitehead’s ‘‘prehension,’’* but both these concepts ap- 
parently include also what we call integration (see 00.43). 
Appropriations may be either (00.211) incorporative or (00.212) 
non-incorporative. The distinction between the two is not al- 
ways easy, but in general incorporative appropriation occurs 
when whatever is appropriated enters into the structure of the 
appropriating monad, whereas non-incorporative appropriation 
is a more external attachment. Non-incorporative appropria- 
tion is often for an individuated monad only an aspect of the 
collective process of aggregation (see 00.42). Both ineorpora- 
tive and non-incorporative processes may consist in appropria- 
tions of a portion or portions of (00.2111, 00.2121) a milieu, 
(00.2112, 00.2122) prior monads, or (00.2113, 00.2123) cognate 
monads. One might add (00.2114, 00.2124) later monads, but 
such interactions will ordinarily be covered by the interactions 
of those later monads with monads prior to them. 

(00.22). Concerning rejection, the most important (00.220) 
general considerations are that (00.2201) it implies exclusion of 
a milieu; that (00.2202) rejected monads are left enotative, so 
far as the rejecting monad is concerned; that (00.2203) rejec- 
tion is usually a process secondary to appropriation, often 
(00.2204) marking an appropriation which sooner or later failed ; 
that (00.2205) it involves boundary conditions and (00.2206) 
along with appropriation, is often a factor in disintegration. 
The kinds of rejection are like those of appropriation. Thus a 
rejection may be (00.221) incorporative, as when a monad once 
incorporatively appropriated is rejected, or when such appropri- 
ation is only tentative and fails; or (00.222) non-incorporative, 
when a more external attachment is dissolved or fails to occur. 
Hither of the two types of rejection may have reference to 
(00.2211, 00.2221) a milieu, often left enotative; to (00.2212, 
00.2222) prior monads; or to (00.2218, 00.2223) cognate monads. 

(00.23). In all the more complex monads appropriations and 
rejections are combined in bewildering variety. Anything like 
a complete account is beyond our reach; we shall here indicate 
in the abstract some of the more prominent cases which may 
occur in the interactions of monads of all levels. In later 

5W. H. Sheldon, Strife of Systems and Productive Duality, 1918, 
Chaps. 12 and 13. 


6 A. N. Whitehead, Science and the Modern World, 1926, pp. 101f; Proc- 
ess and Reality, 1929, p. 335. 
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chapters we shall not go through the whole list for every level, 
but mention only the cases which at the levels concerned are 
most significant. Combinations of appropriations and rejec- 
tions may be (00.231) incorporative or (00.232) non-incorpora- 
tive; occasionally (00.233) combinations of incorporative and 
non-incorporative interactions may be important. The interac- 
tions may concern (00.2311, 00.2321) a milieu (00.2312, 00.2322) 
prior monads, or (00.2318, 00.2328) cognate monads. The 
(00.2311) ineorporative and (00.2321) non-incorporative inter- 
actions with a milieu include (00.23111, 00.23211) combinations 
of similar appropriations; (00.23112, 00.28212) combinations of 
similar rejections; (00.23113, 00.23213) combinations of similar 
appropriations and rejections, sometimes reversals; (00.23114, 
00.23214) combinations of different appropriations; (00.23115, 
00.28215) combinations of different rejections; and (00.23116, 
00.28216) combinations of different appropriations and rejec- 
tions. Very important are (00.23117, 00.28217) certain pro- 
gressive combinations of appropriations and rejections, because 
in some realms they include translatory motions. ‘There are also 
(00.23118, 00.23218) rhythmic processes which, with allowances 
in some realms for the theory of relativity,’ may be regarded 
as periodic. 

The discussion of (00.2812, 00.2322) interactions with monads 
of prior levels may be made clearer by the use of letters and 
subscripts. Let us indicate a monad a, of a given level n by a. 
Even approximate detail must include, for example, (00.23121, 
00.23221) combinations of similar appropriations, where a? ap- 
propriates a{—', aZ-1, aZ-1 . . . ete.; (00.23122, 00.28222) com- 
binations of similar rejections, where a? rejects a%—!, aZ—1, a%-}, 

. ete.; (00.23123, 00.23223) combinations of similar appro- 
priations and rejections, including reversals, where a? ap- 
propriates aj-', rejects a%—', and so on alternately; (00.23124, 
00.238224) combinations of different appropriations, where a? 
appropriates a7—', a%-*, ete.; (00.23125, 00.23225) combinations 
of different rejections, where aj rejects a%—', af-*, etc.; (00.23126, 
00.28226) combinations of different appropriations and rejec- 
tions, where a%, for example, appropriates a%~! and rejects a{~?. 
In other combinations one finds (00.28127, 00.238227) progres- 
sive alternations, as when a” appropriates a%—!, rejects aj—', ap- 
propriates a%-', rejects a%-', etc. Sometimes (00.23128, 


7B. Russell, The Analysis of Matter, 1927, p. 344. 
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00.23228) rhythmic processes occur at longer intervals with 
more complicated periodicities. 

In interactions with (00.2318, 00.2823) cognate monads there 
will be cases similar to each of the above, which need not be 
repeated in detail. . . . The fact that cognate monads are inter- 
acting gives rise to complicated (00.23139, 00.23239) special 
processes which may be grouped together; they appear at least 
sometimes to involve the dyadic relationship noted (see 00.1131). 
In detail, they include (00.281891, 00.282391) preemptions, or 
cases where aj appropriates or rejects, but a3 does not; 
(00.231392, 00.232392) the more complicated cases where aj ap- 
propriates or rejects and a% is appropriated or rejected, either 
wholly or in part, as in various processes of interference and con- 
flict; (00.281393, 00.232393) cases where a? joins a3} in some 
appropriation or rejection, thus providing ‘‘reinforcement”’; 
and (00.231394, 00.282394) cases where a? and a} effect an ex- 
change of constituents or operations, partially or wholly, as when, 
instead of a? appropriating and a% being appropriated, the roles 
are reversed. 

(00.24). A simple monad may become a constituent of a 
complex cognate monad (see 00.133) ; and by processes of segre- 
gation some monads of a given level may become constituents of 
monads of other levels. Such constituent monads within the 
others persist in some of their characteristic interactions with 
the milieu and with their own prior and cognate monads. Any 
differentiated portion of a monad (see 00.25, 00.44) may exhibit 
such interactions. It often seems as if the interactions of a 
monad could be analyzed without residue into interactions of 
its constituent parts, %.e., as if a given process might be regarded 
indifferently either as characteristic of a monad a? or as per- 
sistent within its constituent monads a%—!, ag—', etc. In so far 
as this is an adequate statement, it rests upon the fact that inter- 
action, like the individuation which it expresses, is convergent 
(see 00.12), and often may be studied analytically in terms of 
prior monads. But always somewhere in the study of a? allow- 
ance must be made for mutual interactions of constituents with 
one another, and of differentiated parts with one another, under 
the conditions of structure, number, order, etc., found within 
the given monad, or ‘‘whole.’’ It is this mutuality of interac- 
tion of constituents with other constituents and of differentiated 
parts with other differentiated parts under the given conditions 
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—it is the fact that these in many respects do not interact inde- 
pendently of one another—which makes up in its totality the 
so-called ‘‘action of the whole.’’ It is impossible to make a 
precise distinction, but usually interactions treated as persistent 
are not merely quasi-independent residual or surviving processes 
which have no reference to the new whole and no noticeable 
effect on it; they are in the more important cases processes which 
are characteristic of the later monads, but which in order to be 
studied as occurring in those monads must be localized in con- 
stituent monads or differentiated parts. 

Persistent interactions, whether appropriations or rejections 
or both, may be studied either in terms of constituent monads or 
parts appropriating, or of constituent monads or parts appro- 
priated; to distinguish exhaustively between the two would be 
of little value, since it is admitted that one involves the other 
(see 00.231392, 00.282392). Persistent interactions may be 
(00.241) ineorporative or (00.242) non-incorporative; they may 
have to do with (00.2411, 00.2421) portions of the milieu, with 
(00.2412, 00.2422) prior monads, with (00.2413, 00.2423) cog- 
nate monads, or with (00.243) various combinations of all these. 
Further subdivisions, analogous to those considered above, may 
be worked out. Among these the processes of (00.24127, 
00.24227) internal transmission, as well as (00.24128, 00.24228) 
oscillations and circulations, are in some cases conspicuous. Of 
particular interest are (00.242394) the mutual interactions of 
prior monads or parts constituting a given monad, which char- 
acterize the action of the given monad as a whole. 

(00.25). In an evolution marked even roughly by levels, it 
should be possible to take the point of view not merely of 
processes but also of results. Hach monad, granting that it has 
(00.251) a relatively simple individuated form with which to 
enter upon its interactions, tends to enregister the results of its 
processes in modifications of its structure, 1.e., in the distribution 
of its stabler components. Any apparently static condition is 
here taken as a balance between augmentation and depletion 
(see 00.27). In the relatively simple monad, (00.252) fune- 
tioning tends to promote structuration, although ‘‘functioning’’ 
here need mean no more than ‘‘exhibiting characteristic proc- 
esses’’ and have no reference to traditional teleologies. Changes 
in structure appear in what we may call (00.2521) peripheral, 
sometimes in (00.2522) intermediate, and (00.2523) central por- 
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tions of the given monad, although these terms presuppose 
spatial relationships which may not characterize all realms. 
The (00.253) constituent monads which have part in the differ- 
entiations belong to (00.2531) prior realms, (00.2532) prior 
levels of the given realm, or are (00.2533) cognate monads. 
They may have been non-incorporatively appropriated. In 
certain cases (00.2534) constituent monads may form monads 
of later realms. When these resultant modifications are studied 
without detailed analysis of constituents, it is seen that they 
exhibit (00.254) gross differentiations of (00.2541) central, 
often (00.2542) intermediate, and (00.2543) peripheral por- 
tions. Any of these may be elaborately subdivided. Differen- 
tiations of structure work out as (00.255) localizations of proc- 
esses or specializations of function of (00.2551) central, 

(00.2552) intermediate, and (00.2553) peripheral portions. 
Sometimes detailed calculations of such interactions are distort- 
ing, and it must be recognized that in a monad we have to do 
with (00.2554) an ‘‘action-system.”’ 

(00.26). Individuations, interactions, and their resultant 
structures are conditioned throughout by tendencies of the 
monad, within certain limitations, to assume and maintain stable 
forms. This may amount to (00.261) mutual regulation, with 
maintenance of approximately constant relationships between 
all constituents; or (00.262) what we may call referential regu- 
lation, where certain constituents are especially prominent, 
and the other constituents are maintained in approxi- 
mately constant relationship with them; or (00.263) external 
regulation, with reference to something in the milieu. Regula- 
tion also (00.264) persists in constituent monads and differen- 
tiated parts. The four types are not mutually exclusive; and all 
are modified by processes of (00.27) augmentation and depletion, 
which indicate net results of interactions, and which in turn 
seem to operate with reference to (00.271) more or less definite 
linuts of individuation and interaction. 

(00.30). In the statement that a monad may interact with 
other monads of the same level, a plurality of monads is pre- 
supposed. The old problem of individuation and plurality has 
been newly emphasized by Alexander.® Plurality is here re- 
garded as a monadic characteristic which, if not detected in mere 


8cf. 8S. Alexander, Space, Time, and Deity, 1920, Vol. 1, p. 229. 
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manifold existence or subsistence, may be traced in repeated 
production or reproduction. 

(00.31). The earlier monads of each realm may arise by re- 
peated production—t.e., independently of one another, depending 
only on the milieu and prior monads. 

(00.32). In later levels it frequently appears that the process 
of repeated production is abbreviated, and a monad, augmented 
by its interactions beyond the limit of individuation, in a process 
of reproduction by splitting gives rise to a new monad of the 
given level. ... 

(00.33). In some important cases there is a more elaborate 
process, where new monads are produced by the cooperation of 
two ‘‘parent’’ monads. Bi-parental reproduction seems to re- 
flect something of the dyadic relationship (see 00.1131). The 
process exhibits numerous (00.331) variations; but at least some- 
times is conditioned by (00.832) what we shall study as compli- 
eated processes of ‘‘reduction.”’ ... 

(00.34). Monads which have become constituents of other 
monads persist in characteristic processes of repeated production 
and reproduction; this process results in growth (see 00.27). 

(00.35). The cognate monads resulting from these repeated 
productions or reproductions are found to exhibit (00.851) re- 
semblances, with such (00.352) differences as are correlative to 
the resemblances. These are especially important for (00.353) 
classification of data. Resemblances and differences may be 
(00.854) traced to constituent monads, prior or cognate. 

(00.36). Usually the monads of a given level can be readily 
arranged in one or more series, in some of which (00.361) direc- 
tional properties are important. Series may be (00.862) made 
up of (00.8621) cognate terms of the same degree of complexity 
of organization or (00.8622) different complexity (see 00.13), 
or of (00.3623) the same or (00.8624) different ‘‘generations.”’ 
Series may be (00.3631) determinate or (00.8632) indetermi- 
nate; and if the latter, may be indeterminate (00.386321) inno- 
tatively or (00.36322) enotatively. 

(00.37). In at least some of the series, recurring relationships 
amounting to periodic functions become apparent, especially af- 
ter monads of the given level have been incorporated within 
monads of later levels. 

(00.38). When the resemblances and differences of some cog- 
nate monads are studied through a series of ‘‘generations,’’ cer- 
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tain relationships become prominent; the most familiar of these 
are in the biotic realm summed up as heredity and studied in 
genetics. These relationships (00.8801) may be considered from 
the point of view either of processes or results; they involve 
(00.3802) retentions, (00.8803) transferences, and (00.3804) ef- 
fects within the new monads. They (00.3805) occur within con- 
stituent cognate monads, and (00.8806) condition and are con- 
ditioned by the organization of given monads into a monad of a 
later level. They are (00.3807) usually too complex for precise 
description or prediction, but (00.8808) often are detected 
within the larger classifications and types of monads of a given 
level. The relationships in the case of some monads (00.381) 
admit of elaborate subdivisions, according as the level or levels 
of monads considered is (00.3811) later than, or (00.3812) cog- 
nate with, or (00.3813, ete.) prior to a given monad. Provision 
may be made for (00.38111, etc.) subordinate linkage by descent 
and transfer; for (00.88112, ete.) coordinate relationships, some- 
times taking the form of disjunction and exclusion, and for 
(00.38113, etc.) collective association in mutual interactions. 

(00.40). The remaining monadic characteristic, involving re- 
distribution or rearrangement of monads of one level in monads 
of another level, we call segregation. As indicated above, segre- 
gations may take various forms. 

(00.41). Disintegration or splitting of a monad into its con- 
stituent parts sooner or later (00.411) involves changes in and 
disintegration of constituents and frequently (00.412) occurs 
as a result of interactions with other monads (see 00.231392). 
Lloyd Morgan thinks that dissolution at one level contributes to 
the emergence of a new level.® <A point of great importance for 
the relationships between realms is (00.413) the effects of dis- 
integrations of some monads upon their milieus. Disintegration 
of constituent monads is sometimes (00.414) retarded or has- 
tened by conditions in a given monad. 

(00.42). Aggregation of monads into assemblages of cognate 
monads has already been presupposed on a small scale in the 
compounding of monads (see 00.132) and in non-incorporative 
appropriations of cognate monads (see 00.2123). 

Precise distinction between an aggregate and an integrate is 
difficult and perhaps impossible. It is expressed approximately 
in the view that (1) the external relations of the monads of the 


9 C, Lloyd Morgan, Life, Mind, and Spirit, 1926, p. 289. 
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aggregate become internal relations of the integrate; but an 
ageregate has at least some internal relationships, and the con- 
stituent monads of an integrate have some external relationships 
with one another. Again, (2) too much emphasis must not be 
placed upon ‘‘new’’ qualities, for an aggregate, too, exhibits 
new qualities not discoverable in the constituent monads when 
the latter are taken severally. Even an aggregate is not alto- 
gether what Bertrand Russell says—‘‘definite as soon as its con- 
stituents are known.’’?° Alexander says that the main distinc- 
tion between aggregates and organized. beings is in the fact that 
an aggregate may be diminished without essential alteration, 
except of those characters which depend upon aggregation as 
such;+! but integrates also may be diminished without losing 
their individuation as monads. Again, (3) the differences be- 
tween an aggregate and an integrate can hardly be as Reiser 
thinks, that between ‘‘microscopic’’ and ‘‘macroscopic’’ rhythms, 
Hither an aggregate or an integrate is macroscopic when com- 
pared to its constituent monads, and either is amenable to statis- 
tical treatment. The statistics of integrates formed from any 
given monads would ordinarily concern a level later than that of 
aggregates formed from the given monads; but the statistical 
treatment appears to be merely a way of dealing with data rather 
than an explanation of these differences. It appears also that 
Reiser’s 1? explanations in terms of (4) chance assemblages and 
probability fall short; the question is not how often certain inte- 
grating patterns turn up in an aggregate, but in what ways 
these patterns differ from the ordinary run. © 

From the point of view of epitomization, a few suggestions 
may be made as regards this difference; the suggestions will be- 
come clearer as they are illustrated in subsequent chapters. In 
the first place, integrates are often formed within aggregates by 
a process which as regards the aggregate may appear as differen- 
tiation, but which is at the same time an integration of some of 
the monads of the aggregate into monads of a later level (see 
00.12). Again, the monads which are especially prominent in 
the formation of integrates are often those in the dyadic rela- 
tionship mentioned above (see 00.1181). Further, an integrate 

10 B. Russell, Principles of Mathematics, Vol. 1, 1903, p. 139. 

11§. Alexander, Space, Time, and Deity, Vol. 1, p. 274. 

12 For Reiser’s views, see ‘‘An Electromagnetic Theory of Matter, Life, 


and Mind,’’ Monist, 35, 1925, p. 622, and ‘‘ Probability, Natural Law, and 
Emergence,’’ Jour. Phil., 23, 1926, p. 431. See also notes 26 and 27 below. 
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exhibits more marked modifications of the structures and proc- 
esses of its constituent monads (see 00.25). Finally, the char- 
acteristic mark of integration, and with it the criterion of a new 
level, is held to be the exhibition at the new level not of any one, 
but of the four monadic characteristics in their essential inter- 
dependence. Since aggregates may display, at least to some 
degree, individuations, interactions, and even reproductions, 
the crucial test comes with regard to the fourth monadic char- 
acteristic. A true integrate can in its turn take part in a new 
integration into a new monad of a still later level. This means 
that the whole problem must be considered not abstractly but 
concretely, in closer touch with the data of the sciences. 

(00.48). Integration is one of the most discussed problems of 
contemporary metaphysics. A comparison of various interpre- 
tations brings out some points of value for our later argument. 
Let a? and a3 be two monads exhibiting integration into a monad 
att! of the next level. Then as interpretations of this process 
we may find in contemporary work any one, and almost any 
combination, of the numbered statements within the braces as 
shown on page 18. 

The hypothesis of epitomization takes over this category or 
characteristic which has achieved widespread recognition and 
independent standing. So far as our hypothesis is concerned, 
any of the listed interpretations of integration, or any combina- 
tions of them, might be quite acceptable, although some seem be- 
side the point. Our purpose will be served by a discussion not 
in the abstract, but in the concrete. We shall study integration 
not all by itself, but in its essential connection with the other 
monadie characteristics of individuation, interaction, and repro- 
duction. Particularly in connection with the last-named, we 
shall note that integration often involves not so much a ‘‘ getting 
together’’ as a ‘‘staying together.’’ And we shall try by empiri- 
eal evidence and plausible inference to indicate instances of inte- 
gration in the data of the sciences, and enough instances, as well 
as instances so related, that the process will appear much more 
orderly and less arbitrary and sporadic than is usually supposed. 
Monads entering an integrate are, as was noted, often (00.431) in 
the dyadic relationship (see 00.1131). In a number of eases 
there is in connection with the integration apparently (00.432) 
an elimination of the structures or functions of some prior con- 
stituent monads. 


3 


con- 
ditions 


(1) are synthesized by a synthesizer, 

(a) according to supernaturalism, God, : 

(b) according to epistemological idealism, mind, 
(c) according to various philosophies of evolution- 


ism, the cosmos itself 13 or some tendency in 
it, such as ‘‘l’esprit’’ 14 or the ‘‘ Nisus,’? 15 


(d) according to empirical science, in a few cases, 


an experimenter, 
into 


(2) acquire ‘‘an*?-ness,”’ 


(4) 


according to Platonism, by participating in an 
‘¢idea,?? 


(b) according to Aristotelianism, by being in-formed 


(¢) 


by a form, 
according to some modern realism, by acquiring 
an essence or universal,16 

characteristic of 


(3) by reason of their togetherness, in genetic continuity 


(¢) 


(f) 
(9) 


but at the same time in generic discontinuity, 
according to Spencer, by integration,17 
according to Wundt, as a ‘‘creative result- 
ant,’’? 18 7 
according to Sellars19 and Spaulding 2° in 
‘‘creative synthesis, ’’ 
according to emergent evolutionism, by the ap- 
pearance of ‘‘new kinds of relatedness,’’ or by 
complexity gathering itself together in new 
simplicity,21 
according to Smuts, as an example of ‘‘hol- 
ism’? 22 
according to Perry with ‘‘collective novelty’’ 23 
according to various writers, as a whole which is 
‘more than,’’? or at least other than the sum 
of its parts,24 

become 


(4) (closely allied with the preceding) exhibit epigenetic 


(5) 


(6) 


(7) 


(8) 


(9) 


(a) 


(0) 


or emergent characteristics, 
according to ‘‘functional emergence,’’25 un- 
predictable on a basis of previously known 
laws, amounting to an emergence of new kinds 
of relatedness (Lloyd Morgan 21) or new laws 
(Lovejoy 25), 
according to ‘‘existential emergence,’’ 25 dis- 
tinguishable as new qualities, attributes, types 
of event or process, or increase in quantity or 
number of instances, 

thus constituting 


when they are taken in large numbers and their prop- 


erties are averaged,26 or 


when certain of their properties reach an optimum,?? 


exhibit 


acquire a wider range of interaction,28 rising to the 


level of 


are thus united, according to a more or less popular 


quasi-teleological view, to form 


actively unite to form 


(10) without such temporal implication, become 


| (11) simply are 


18 
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(00.44). To some extent in aggregates, but especially in inte- 
grates, segregation may take the form of differentiation, involv- 
ing rearrangement of constituent monads. Constituent monads 
of level n often (00.441) retain at least some features of their 
individuations and are prominent as parts of the new monad of 
level » +1 (see 00.24). Monads comparable with those of level 
nm, n—1, etc., may be produced by (00.442) differentiations 
within monads of level n+ 1, ete. This is another way of stat- 
ing the principle of convergence (see 00.12). 

7. A prelaminary survey of the data of the natural and social 
sciences indicates that monads of the various levels and realms 
may be arranged in parallel columns and studied in the light of 
their resemblances, whereupon vt appears that (2) cosmogony is 


13 J, EK, Boodin, Cosmic Evolution, 1925, pp. 84, 97. 

14H. Bergson, Creative Evolution, transl. A. Mitchell, 1911, pp. 20177. 

158. Alexander, Space, Time, and Deity, Vol. 2, p. 353, and Spinoza and 
Time, 1921, pp. 72f. 

16 cf, R. M. Eaton, Symbolism and Truth, 1925, p. 78. G. Santayana, in 
The Realm of Matter, 1930, p. 27, holds that substance in its larger sweeps 
takes on essences which he calls ‘‘tropes’’. 

17 H. Spencer, First Principles, 1862, passim. 

18 See W. R. Sorley, Moral Values and the Idea of God, 1918, p. 248. 

19 R. W. Sellars, ‘‘ Causality,’’ Jour. Phil., 6, 1909, p. 326; Hvolutionary 
Naturalism, 1922, p. 302. 

20K. G. Spaulding, The New Rationalism, 1918, p. 448. 

21C, Lloyd Morgan, Emergent Evolution, 1923, p. 19; S. Alexander, 
Space, Time, and Deity, Vol. 2, p. 70. 

22 J. C. Smuts, Holism and Evolution, 1926, pp. 98, 123/7f. 

23 R. B. Perry, General Theory of Value, 1926, p. 420, n. 24. 

24 The view of Gestalt psychology that the whole, instead of being com- 
posed of its parts, really determines what the parts are to be (cf. K. Koffka, 
Brit. Jour. Psy. 15, Part 2, 1924, p. 157), and the view of Whitehead that 
an event is the grasping into unity of a pattern of aspects (Science and 
the Modern World, 1926, p. 174) may be cited, although they emphasize not 
so much structure as function. 

25 A. O. Lovejoy, ‘‘The Meanings of Emergence and Its Modes,’’ Sixth 
International Congress of Philosophy, Proceedings, 1927, pp. 26f. ©. D. 
Broad, in The Mind and Its Place in Nature, 1925, p. 77, distinguishes 
‘‘trans-ordinal’’ and ‘‘intra-ordinal’’ laws. Lloyd Morgan and Broad 
make emergence involve inability to predict an initial instance of an entity 
of the new level, but it seems to us that prediction, if it should ever be 
made, would not remove the metaphysical novelty, but only lessen the 
psychological surprise at its occurrence. 

26 O. L. Reiser, ‘‘A Phenomenological Interpretation of Physicochemical 
Configurations and Conscious Structures,’’ Jour. Phil., 24, 1927, p. 376. 

27 Ibid., p. 412. 

28 J. Dewey, ‘‘Social as a Category,’’ Monist, 38, 1928, p. 162. 


20 A WORLD OF EPITOMIZATIONS 

epitomized by biology, and biology, in turn, by neuropsychology. 
This may be called epitomization by realms or by parallelism. 
Although epitomization holds in general for these realms, we 
shall find numerous instances where parallelisms which might 
otherwise be detailed are modified by what appears to be a proc- 
ess of cumulative coordination. This is especially prominent in 
the neuropsychological realm. For orientation and reference 
the epitomizations about to be examined are indicated in the ac- 


ecompanying Table. 


(40.) CosmoGgoniIc 


(Within a milieu 
variously called 
“ aether,” “ ener- 
gies,”  “space- 
time,” a “rela- 
tional system ’’) 


(41.) Distributions of 
Energy (lines or 
tubes of force, 
radiations) 


(42.) Units of Elec- 
trie Charge 


(43.) Atoms, inelud- 
ing hydrogen, 
helium, and 


heavier elements 


(44.) Astronomical 
Bodies, including 
nebulae, stars, 
planets 


TABLE I 


(50.) Biotic 


(Within a milieu 
called “ the inor- 


ganic environ- 
ment ”’) 
(51.) Organic Com- 


pounds 


(52.) Molecular Com- 
plexes, inelud- 
ing organic col- 
loids 


(53.) Infracellular and 
Uniecellular Or- 
ganisms 


(54.) Multicellular 
Organisms, in- 
cluding colonies, 
plants, animals 


(60.) NEUROPSYCHO- 
LOGICAL 


(Within a milieu 


called “ the phys- 
iological sub- 
strate ’’) 


(61.) Neuroid conduce- 
tions in excita- 
tion ares 


(62.) Conductions in 
receptor - effector 
systems 


(63.) Reflex Conduc- 
tions, or Reflexes, 
including com- 
plex reflexes 


(64.) Pattern Con- 
ductions or Re- 
actions, inelud- 
ing those of the 
chromaffine, au- 
tonomie, and 
cerebro-spinal 
systems 
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(45.) Stellar, Solar- (55.) Plant Societies, (65.) End-reaction 


Planetary, and Plant- and Ani- Complexes 
Planet-Satellite mal-Groups, 
Systems Animal Groups, 


including primi- 
tive human 


groups 
(46.) Galaxies, or (56.) Tribal and Na- (66.) Sentiment-Com- 
Spiral Nebulae tional Societies plexes or Senti- 
ments 
(47.) Clusters of (57.) Imperial and (67.) Value-Com- 
Spiral Nebulae Federated plexes or Valu- 
States ations 
(48.) Clusters of (58.) Racial or Conti- (68.) Selves 
Clusters of nental Societies 


Spiral Nebulae 
(49.) The Cosmogonic (59.) The Earth’s (69.) Individual Nerv- 


Universe as a Total Popula- ous Systems, 

Monad tion as a Monad Minds, or Per- 
sonalities as 
Monads 


In Division I, that is, in Chapters II-XIX, inclusive, we en- 
gage in a long examination of these monads with their character- 
istic structures and processes, indicated by the decimal number- 
ing. After consideration of the details of evidence and inference, 
we shall take up, in Chapter XX, some questions of the relation- 
ships between the three realms, and in Chapter XXI the attempt 
at a ‘‘downward extension’”’ of the hypothesis of epitomization 
to include three prior realms of (10., etc.) logic, (20., ete.) num- 
ber, and (380., ete.) geometry-kinematics. It is because of this 
attempted extension that in our decimal numbering the cosmo- 
gonic as above outlined is given the numbers beginning with 40., 
the biotic those beginning with 50., and the neuropsychological 
those beginning with 60. The attempt at downward extension 
occupies Chapters XXII-XXXIII, inclusive. In Chapter 
XXXIV we return to some of the problems of relationships be- 
tween the six realms of the cosmos. 
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DIVISION ONE: DATA OF THE NATURAL AND SOCIAL 
SCIENCES ARRANGED TO EXHIBIT EVOLUTION 
AND EPITOMIZATION 


“New coordinations are required, new syntheses which will sum up 
and explain and illuminate the otherwise amorphous masses of ma- 
terial. . . . Nowhere are new viewpoints more urgently called for than 
in respect of the fundamental concepts of matter, life, and mind, of 
which the reform is overdue and the present state is rapidly becoming a 
real obstacle to further progress.” 


J. C. Smuts, Holism and Evolution, 1926, p. 7. 


PART ONE: THE COSMOGONIC REALM 


“T shall discuss ... the extent to which ideas, parallel to those 
which have done so much towards elucidating the problems of life, hold 
good also in the world of matter; and I believe that it will be possible 
to show that in this respect there exists a resemblance between the two 
realms of nature, which is not merely fanciful.” 

G. H. Darwin, Presidential Address, British 
Association for the Advancement of Science, 
Report, 1905, pp. 6f. 
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CHAPTER II 


GENERAL CONSIDERATIONS CONCERNING THE COSMOGONIC REALM: 
Irs IntmAu LEVEL IDENTIFIED AS DISTRIBUTIONS OF ENERGY. 


“ A living organism resembles a wave—the form persisting, the mat- 
ter changing—but that does not entitle us to lose sight of the inherent 
differences between the two.” 


D. F. Harris, Sctence Progress, 10, 2, 1916, pp. 549f. 


General Considerations Concerning the Cosmogonic Realm 


(40.00). Any consideration of physical nature in the interest 
of metaphysics raises at once a host of questions which require 
long study of the data. Only in the course of such a study can 
the questions be adequately discussed; here we must confine our- 
selves to some preliminary remarks, chiefly concerning theories 
of the origin of matter. The older types of materialism for some 
years have been supplanted by theories of energy like those of 
Ostwald and his school.t But this apparent improvement has 
issued in a new mechanism, a naturalism which may be equally 
rigid. Quite recently, energy itself has begun to appear re- 
ducible to some prior process or realm, and investigators, par- 
ticularly in connection with theories of relativity, have begun 
to think that both energy and matter are traceable to certain 
antecedent structures or configurations which must be studied 
mathematically. Some points in the relativist theories of meas- 
urement and of physical interactions will be discussed presently 
(see 41.111); first we are concerned with the bearing of the 
theories of relativity and other recently developed views upon 
the problem of the origin of matter. 

The newer views are not worked out in detail nor with com- 
plete agreement. Some of the relativists consider only fields in 
which matter is already present. When they speak of the warp- 
ing of space they mean only that the extensional relations of mat- 
ter obey somewhat modified laws; space is an abstraction of mate- 
rial relationships.?, But along with this tendency to work without 

1cf. W. Ostwald, Vorlesungen tiber Naturphilosophie, 1905, pp. 1657f. 


2A. §. Eddington, Space, Time, and Gravitation, 1921, p. 8. See F. C. 
S. Northrop, Science and First Principles, 1931, Chapter 2. 
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vetting out of touch with the empirical data, there are indica- 
tions that, here as elsewhere in the history of the sciences, an 
analysis into simpler terms may pave the way for a theory of 
synthesis. 

Even apart from the later Einstein theory, it has appeared 
that a realm of some kind, prior to the cosmogonic, may be re- 
quired in order to explain cosmogonie structures and processes. 
For instance, in Weyl’s work the inequivalence of positive and 
negative electrical charges is said to point to a reality back of 
the field,* although for Weyl the problem of matter is still dark.* 
Again, Eddington, interpreting gravitation by the aid of tensors 
(see 35.262), says that while Einstein up to that time approached 
the treatment of tensors from the physical side, his own approach 
is from the deductive side, endeavoring to show as completely as 
possible that they must exist for any underlying relation struc- 
ture. Structure when reduced to its ultimate terms appears to 
resolve itself into a complex of relations. Again, the physical 
world consists, so to speak, of measure groups, resting on a shad- 
owy background that lies outside the scope of physics. White- 
head, using his own terminology, says that our present cosmic 
epoch is formed by an electromagnetic society, which is a more 
special society contained within the geometrical society. Birk- 
hoff says that Whitehead has carried the new view of nature back 
to the mathematical (logical) level by showing how from his 
standpoint space and time arise.” This is for us significant, in 
spite of the fact that Whitehead involves his account in a theory 
of perception. Eddington finds that waves can be derived from 
what are called the antisymmetrical coefficients of tensors.® 

The newer views tend to explain away forces, although some- 
thing of physical nature is usually retained. Broad says that 
the gravitational forces which we find when we use a Newtonian 
frame are an expression of the misfit of that frame to the struc- 


3H. Weyl, Rawm, Zeit, und Materie,4 1921, p. 282. 

4 ibid., p. 284. 

5A. 8. Eddington, The Mathematical Theory of Relativity, 1923, p. 224; 
The Nature of the Physical World, Chap. 11, and p. 152. 

6A. N. Whitehead, Process and Reality, p. 149. 

7G. D. Birkhoff, The Origin, Nature, and Influence of Physical Relativ- 
ity, 1925, pp. 171f. 

8A. N. Whitehead, An Enquiry Concerning the Principles of Natural 
Knowledge, 1919, p. 45; Science and the Modern World, pp. 125ff. 

9A. 8. Eddington, Nature of the Physical World, p. 236. 
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ture of nature.*° ‘‘Force’’ then, is only a convenient fiction. 
According to Eddington, a field of force disappears in uniform 
motion, and a force is merely a convenient summary for a flow 
of motion.‘ Jeans, in interpreting the work of Weyl, says that 
the observed forces of gravitation and electromagnetism corre- 
spond exactly to the most general forces which are possible if 
‘*force’’ ig to be interpreted as an illusion arising from the 
erumpling up of space.’ Russell says that the term ‘‘force”’ 
may be retained for convenience, but compares this to our reten- 
tion of ‘‘sunrise’’ and ‘‘sunset.’’ 18 

The resolution of ‘‘forces’’ into discrepancies in space-time 
might not involve a derivation of energy or mass from such 
discrepancies; with force regarded as the product of mass into 
acceleration, the acceleration might be taken as explicable in 
terms of space-time, and the mass taken empirically and left 
unaccounted for. But there are indications that mass, too, can 
be analyzed. According to Eddington, density multiplied by 
volume in space gives us mass, or what appears to be the same 
thing, energy. Mass and energy are probably two different ways 
of measuring the same thing; they are not sense properties but 
mathematical terms expressing the dividend and product of 
more immediately apprehensible properties, namely momentum 
and velocity. They are essentially mathematical compositions. 
G. N. Lewis says that energy is now regarded as only an arbi- 
trary cross-section of a greater entity, the tensor.°> According 
to Eddington, light and other electric waves can be derived from 
the antisymmetrical coefficients, although atoms, electrons, and 
quanta are at present beyond our skill.® 

Some writers are quite explicit in their statements that matter 
is derived from field conditions or from space-time. Eddington, 
again, says that the track of a particle of matter is determined by 
the interaction of the minute gravitational field which ‘‘sur- 
rounds and so far as we know constitutes it’’ with the general 
space-time of the region. We need not regard matter as a for- 

10 C. D. Broad, Scientific Thought, 1923, p. 206. 

11 A, 8. Eddington, Space, Time, and Gravitation, pp. 6377. 

12 J. H. Jeans, ‘‘ Electrical Forces and Quanta,’’ Nature, 115, 1925, p. 
364; cf. A. S. Eddington, Mathematical Theory of Relativity, p. 224. 

13 B, Russell, The A BC of Relativity, 1925, p. 139, n. 1. 

14 A. 8. Eddington, Space, Time, and Gravitation, pp. 146f.; Nature of 
the Physical World, pp. 179ff. 


15G. N. Lewis, The Anatomy of Science, p. 141; cf. A. 8S. Eddington, 
Nature of the Physical World, pp. 153ff., 2347f. 
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eign entity causing a disturbance in a gravitational field. The 
disturbance is matter. Matter is a symptom, not a cause.*® 
Bertrand Russell in his view of gravitation presupposes not 
matter, but events. He says that, as one possible view, we might 
take events which occur in empty space and find they were sub- 
ject to laws symmetrical about centers, and define each such law 
as a piece of matter situated at the center.*7 Again, he says we 
can ascertain what kind of space-time is the presence of gravitat- 
ing matter.1® Although the existence of electrons and protons, 
to the extent that they do exist, has not yet been deduced from 
the general theory of relativity, attempts are being made and 
may succeed. Evidently the continuous properties of the physi- 
eal world can be deduced from the properties of space-time; but 
discontinuous facts like electrons, protons, and Planck’s quan- 
tum can not. Russell holds that if this disparity continues, 
matter may be regarded as emergent; *® but, according to our 
view, even if analysis should disclose an explanation of the deri- 
vation, the derivation would still be real, and we should have 
another case of the genetic continuity and the generic discontinu- 
ity characteristic of creative synthesis and evolution. We are 
thus in general agreement with Alexander’s view, that matter is 
an emergent from space-time,”° although for us no primary quali- 
ties intervene, and space-time is not the realm to be regarded as 
primary. The fact that space-time and its conditions are treated 
by the physicists from the two sides, empirical and deductive, is 
for us an indication that the individuation of those monads is 
convergent. . 

Our view is, further, that the newer mathematical theories, as 
well as mechanism and naturalism, need to be estimated in the 
light of all available data, synoptically, but not merely for that 
reason regarded as transmuted into mind or spirit, whether rela- 
tive or absolute. They need to be considered in the light of the 
hypothesis of epitomization as here developed, and in particular, 
in the light of the monadie characteristic of integration or ere- 

16 A, S. Eddington, Space, Time, and Gravitation, pp. 138, 190f.; Na- 
ture of the Physical World, pp. 95, 156. Einstein in his Nottingham lec- 
ture, as reported by the New York Times, June 8, 1930, pp. 1, 24, regards 
matter as derived from a metrically structured space. 

17 B, Russell, The Analysis of Matter, pp. 324f. 

18 B. Russell, The A BC of Relativity, pp. 204f. 

19 B. Russell, Philosophy, 1927, pp. 283f. 


20 See 8. Alexander, Space, Time, and Deity, Vol. 2, pp. 48/f.; and Part 
VI of this book. 
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ative synthesis. Whatever be the answers to the great problems 
of metaphysics, the questions need to be studied with the data of 
the sciences, and as little else as possible, in full view. We shall 
now attempt such a detailed study, for the present postponing 
discussion of the more general and more nearly ultimate prob- 
lems. 


The Initial Level of the Cosmogonc Realm: 
Distributions of Energy. 


(41.00). The attempt to indicate the initial monads of the 
cosmogonic realm is beset by difficulties which can be resolved, 
if at all, only gradually as our argument proceeds. The attempt 
must be made in the light of current discussions of the theory 
of relativity, the quantum theory, and the philosophy of events 
—disecussions which are themselves perhaps not far beyond their 
preliminary stages. With regard to ‘‘events,’’ the term as it is 
currently applied to ‘‘ whatever is purely a matter of fact,’’ from 
the endurance of a block of marble to a mathematical point- 
instant 74 is not merely too much involved in theories of percep- 
tion, but is too general for our purposes; the same objections 
apply even to the term ‘‘event-particle.’’?? The theories of 
quanta and relativity will be considered from several points of 
view. Our hypothesis provides both for the discontinuities (see 
43.25522) and the statistical treatment (see 41.353) appropriate 
to the first, as well as for the discrepancies between systems of 
coordinates in space-time (see 40.00) and modified views of the 
‘‘frame of reference’’ (see 41.111) demanded by the second. 
We hold that both ‘‘forces’’ and ‘‘energies’’ can be reduced to 
field conditions as determined by spatio-temporal systems or 
frames of reference, but for the next few paragraphs we shall 
be concerned chiefly with traditional physics, according to which 
lines or tubes of force, constituting an electromagnetic field, are 
distinguished in a medium. Lines and tubes of force may seem 
too pictorial to be the real monads of this remote level, but it 
is held that at least they serve as well as any picture, model, 
phrase, or formula; that under certain conditions they constitute 
waves (see 41.24218) ; and that they accommodate the corpuscu- 
lar or proton theories of radiation (see 41.252, 41.2543), as 

21 ef, A, N. Whitehead, Principles of Natural Knowledge, pp. 64, 74; The 
Principle of Relativity, 1922, p. 21; A. Hinstein, The Meaning of Relativ- 


ity, transl. E. P. Adams, 1923, p. 33. 
22 cf. A, N. Whitehead, Principles of Natural Knowledge, p. 121. 


30 A WORLD OF EPITOMIZATIONS 


well as theories of quanta (see 41.1311, ete., 41.23, 41.2531), and 
the wave-mechanics (see 41.1331, ete., 41.271, 41.43). We shall 
try to show that such lines or tubes of force exhibit the monadic 
characteristics. 

(41.10). A distribution of energy or tube of force is regarded 
as individuated. The (41.11) relative individuation of a distri- 
bution of energy is indicated by A. H. Compton, who says that 
in the deflection of light from an atom there are certain localized 
regions in which at a certain moment energy exists, and this may 
be taken as the definition of a particle.2* The corpuscular or 
photon theory is considered below (see 41.252). For the present 
we consider the older and more picturesque view, using the term 
‘‘tube’’ in preference to ‘‘line’’ because it provides for more 
dimensions,** and using the term ‘‘force’’ under qualifications 
noted above. Even if a tube of force is traced to crumplings of 
space-time, there is, in our view, no more reason to explain it out 
of existence as lacking individuation than there would be to ex- 
plain away a biological organism by regarding it merely as a 
region of contact between two or more physico-chemical systems. 
Even if, as Whitehead maintains, the traditional tube of force 
turns out to be made up by a kind of dissection out of several 
tubes in space-time,”® this need not be fatal to the relative indi- 
viduation of the tube; an organism, too, may be considered as a 
spatial section across the careers of its constituent parts. 

The statement that the individuation of a tube is relative raises 
questions concerning the (41.111) milieu with respect to which 
the individuation occurs; in recent years views of the milieu have 
been undergoing considerable revision. According to the classi- 
cal views, the physical world was contained in a space which was 
a kind of receptacle; the interstellar portions of it, in accordance 
with the wave-theory of light, were thought to be filled with a 
‘‘luminiferous aether,’’ rigid enough to transmit waves, and yet 
rare enough, or at least different enough from the matter which 
we know, to allow stars to pass through it.2* Now if the stars 
and the earth pass through such an aether, there ought to be 
differences in the velocity of light in the earth at different times 
of year, when the earth’s orbital motion is in different linear 

23 A. H. Compton, ‘‘ What is Light?’’ Sci. Mo., 28, 1929, p. 302. 

24cf. M. I. Pupin, ‘‘Law, Description, and Hypothesis in the Electrical 
Science,’’ Science, 62, 1925, p. 18, n. 2. 

25 A. N. Whitehead, Principle of Relativity, p. 36. 

26 cf. J. Larmor, ‘‘ Aether,’? Encyc. Brit.,11 Vol. 1, pp. 2927. 
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directions, but Michelson and Morley, when they looked for such 
a difference of velocity, failed to find it.27 At least three ex- 
planations have been advanced to account for their failure. One 
is that the earth drags with it the aether in its immediate neigh- 
borhood,”* and another that all our instruments change with the 
direction of motion in a way which just compensates the effect 
for which measurements are being made.”® The discussion con- 
cerning the Michelson-Morley experiment is still going on, and 
when the results of the experiment are accepted it is not yet 
possible entirely to exclude either of the foregoing explanations.*° 
But in the meantime another explanation, based on the results 
of the experiment and also on other considerations,** has proved 
itself of such varied application that at least in its main outlines, 
it has gained wide acceptance. This is the Einstein theory of 
relativity.*” 

The theory of relativity, although it has recently been ex- 
tended beyond these more familiar stages, is commonly stated 
in two parts, the ‘‘special’’ and the ‘‘general’’ theory. The 
special theory may be said to rest upon the following assump- 
tions: (1) all physical theories are based upon measurements; ** 
(2) measurements depend upon coincidences,** ordinarily speci- 
fied with respect to a scale, frame, or system of reference; (3) 
coincidences are subject to conditions of motion or rest in space 
and time, including conditions of the motion or rest of observers. 

27 A, A. Michelson and E. W. Morley, ‘‘On the Relative Motion of the 
Earth and the Luminiferous Aether,’’ Phil. Mag., 5, 24, 1887, pp. 4497f. 

28 cf. O. Lodge, The Ether of Space, 1909, p. 68. 

29 cf. H. A. Lorentz, ‘‘Michelson’s Interference Experiment,’’ in H. A. 
Lorentz and others, The Principle of Relativity, transl. W. Perrett and G. 
B. Jeffery, 1923, pp. 37. 

80 cf, A. A. Michelson and H. Gale, ‘‘ Effect of the Earth’s Rotation on 
the Velocity of Light,’’ Nature, 115, 566, 1925; D. C. Miller, ‘‘ Ether-Drift 
Experiments at Mount Wilson,’’ Nat. Acad. Sci., Proc., 11, 1925, pp. 
3067.; A. S. Eve, ‘‘Present Tests of the Relativity Theory,’’ Nature, 117, 
1926, p. 522; P. R. Heyl, ‘‘ Present Status of the Theory of Relativity,’’ 
Sct. Mo., 23, 1926, p. 69. Also Nature, 123, 1929, p. 88. 

81 P, R. Heyl, ‘‘The Ether Drift,’’ Science, 61, 1925, p. 515. 

82 On the theory of relativity, see A. Einstein, Relativity, The Special 
and General Theory, transl. R. W. Lawson, 1921, esp. pp. 63f.; A. Einstein, 
The Meaning of Relativity; H. A. Lorentz and others, The Principle of 
Relativity; B. Russell, The A B.C of Relativity. On the ‘‘ field theory,’’ 
see A. S. Eddington, Nature, 123, 1929, p. 280. 

83 G, D. Birkhoff, Relativity and Modern Physics, 1923, p. 16. 

84 A, Einstein, ‘‘The Foundation of the General Theory of Relativity,’’ 
in H. A. Lorentz and others, op. cit., p. 117. 
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(4) In ecosmical problems, instead of motion with respect to one 
such frame of reference taken as unique or absolute, we have to 
do with motion as a function of different spaces and times,” 
which (5) are different ways of partitioning,*® by choices of 
coordinates, an underlying manifold which may be called space- 
time,*” or a relation-structure.** (6) Regardless of these differ- 
ences, if we are to have physical science, there must still be eo- 
incidences without involving the standpoint of any observer, and 
moreover (7) equations expressing the laws of nature must have 
the same form for any observer, whatever his velocity of uniform 
translatory motion with respect to another observer or system of 
reference.*® (8) But coincidences can be secured only if there 
is a certain fundamental relation or ‘‘tie’’ between space and 
time; *° (9) this fundamental relation or ‘‘tie’’ may for practi- 
eal purposes be taken to be the velocity of light an vacuo,*! which 
(10) may be taken to be the same for all observers, whatever be 
their relative velocities.*? If this velocity is the same for all 
observers or frames of reference, the negative result of the 
Michelson-Morley experiment is explained; this explanation 
makes no appeal to the existence of an aether,** although for 
other reasons an aether, variously described, may be retained.** 

The special theory brings up four points important for us 
here; our assumptions concerning them may be briefly stated. 
(1) We take the idealistic interpretations * of the status of 


35 ef, G. D. Birkhoff, The Origin, Nature, and Influence of Physical Rela- 
tivity, 1925, p. 22. 

86 A. S. Eddington, Space, Time, and Gravitation, 1921, p. 36. 

87 cf. H. Minkowski, ‘‘Space and Time’’ in H. A. Lorentz and others, 
op. cil., pp. Toff; S. Alexander, Space, Time, and Deity, Vol. 1, Book 1. 

88 A. §. Eddington, The Mathematical Theory of Relativity, 1922, p. 224. 

89 cf. A. 8S. Eddington, Space, Time, and Gravitation, p. 87; A. Hinstein, 
in H. A. Lorentz and others, op. cit., pp. 41, 69. 

40 cf. A. N. Whitehead, The Concept of Nature, 1920, p. 193. 

41 cf, A. S. Eddington, Space, Time, and Gravitation, pp. 47-60. 

42 ibid., p. 59. 

48 cf, A. Einstein, ‘‘On the Electrodynamics of Moving Bodies’’ in H. 
A. Lorentz and others, op. cit., p. 38. 

44 cf. A. Hinstein as quoted by O. Lodge, Ether and Reality, 1925, p. 
123; A. S. Eddington, Space, Time, and Gravitation, p. 39. 

45 cf. H. W. Carr, ‘‘Relativity and the Observer,’’ Nature, 119, 1927, p. 
199; H. Weyl, Space-Time-Matter, trans]. H. L. Brose, 1922, pp. 4ff.; A. 8. 
Eddington, Space, Time, and Gravitation, p. 199; same, Nature of the 
Physical World, pp. vi, 264f/. Eddington’s emphasis on the observer seems 
unnecessary. It is linked with his theory of time and his treatment of cer- 
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Hinstein’s observer to be too extravagant and, in accordance 
with the general view of realism, take the aim of the theory of 
relativity to be the construction of a set of laws not dependent 
upon any particular observer, but independent of all observers.*® 
(2) We regard coincidences as coincidences not essentially of 
minds with objects, nor of minds and light-waves, nor of light- 
waves and objects, but as cowncidences of objects and other ob- 
jects, sometimes including observers as pieces of apparatus.*” If 
a more abstract treatment is desired, coincidences may be re- 
garded as relationships between events and other events. Two 
objects may be said to be coincident if, at least as nearly as pos- 
sible under the given conditions, they are juxtaposed in space 
and simultaneous in time. Two events are coincident if, con- 
formably to certain postulates and definitions, each minimally 
converges upon the other.*® (3) We assume that the only sig- 
nificant coincidences or observations are those in which some 
coincidences are referred to other actual or possible coincidences, 
which latter constitute scales or frames of reference for the for- 
mer. Measurement is based on such coincidences and their rela- 
tionships, and the special theory of relativity is a study of 
the variations in measurement which are imposed by current 
cosmic conditions.*® (4) It is sometimes said that the theory of 
relativity gets rid of the ‘‘receptacle’’ view of space; but the 
more nearly correct statement is that we have to do not with 
any one space, but with a number of alternative partitionings 
of an underlying manifold.®° In the special theory we fail to 
distinguish any particular frame of reference as unique; in the 
general theory we render any physical or quasi-physical milieu 
superfluous in proportion as the observed structures and proc- 
esses can be accounted for in other ways. But always there is 
tain temporal relationships to the exclusion of certain spatial relationships 
(see 35.2532), also with his failure to note that mind affords only a spe- 
cial case of selective interactions characteristic of all monads (see 00.20). 

46cf. A. 8. Eddington, Space, Time, and Gravitation, pp. 36, 87; B. 
Russell, Analysis of Matter, p. 48. 

47 cf. A. N. Whitehead, Science and the Modern World, 1926, p. 173. 

48 cf, A. N. Whitehead, Conception of Nature, p. 59; Organisation of 
Thought, p. 167. 

49 cf, A. S. Eddington, Space, Time, and Gravitation, p. 87; A. N. White- 
head, Principle of Relativity, p. 51; Science and the Modern World, pp. 
1687. 

a ef. A. N. Whitehead, Principle of Relativity, p. 59; Concept of Nature, 
p. 36; A. 8. Eddington, Space, Time, and Gravitation, p. 36. 
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at least an implicit reference to a milieu to which all coincidences 
are ultimately referred—whether the milieu be called ‘‘aether,’’ 
‘““snace-time,’’ ‘‘events,’’*! or, in the extreme case, for the Hin- 
stein universe which is self-contained without space-boundary,”? 
the milieu be referred to merely enotatively as ‘‘nothing.’’ °° 
In what follows we shall favor in general the relativist inter- 
pretation, although sometimes for the sake of the comparison we 
shall indicate interpretations based on the older aether theories. 

In general, as will appear more clearly in Part VI, we take the 
view that tubes of force are relatively individuated in a milieu 
of space-time. This space-time, however, need not necessarily be 
our macroscopic space-time; it may be or involve only a con- 
figuration-space, such as is used by mathematicians to solve 
problems.°* The fact that the individuation of the tubes is rela- 
tive makes it possible that, as Eddington says, the distinction 
between space and a field in space is rather artificial and not 
likely to be accepted permanently. 

There are, on our view, no (41.112) prior monads of the 
given realm to be considered here; but the individuation of a 
tube of force relative to (41.118) other cognate monads affords 
a (41.1131) dyadic relationship, seen in its simplest form in 
differences of velocity relative to a given frame. A dyadic rela- 
tionship seems also to be involved in differences between poten- 
tial and kinetic energy. This difference, on the relativist theory, 
may be traced to a priority in the observer’s choice of co- 
ordinates, where some choices afford a ‘‘pseudo-energy tensor’’ 
to which potential energy is traced.5° Possibly a dyadic rela- 
tionship even more fundamental is that between all energies 
such as those known in material systems and certain other distri- 
butions or structures characteristic of the aether. 

(41.12). Eddington has pointed out that all our knowledge 
of the electromagnetic field is derived from observations made 
with material appliances and is therefore knowledge of the field 

51 A. N, Whitehead, Principles of Natural Knowledge, p. 25. 

52 A. Hinstein, ‘‘Cosmological Considerations on the General Theory of 


Relativity,’’ in H. A. Lorentz and others, op. cit., pp. 180, 183. 


58 On a universe bounded by ‘‘nothing,’’ cf. F. H. Bradley, Appearance 
and Reality, 1893, pp. 516, 537. 


54 cf. A. S. Eddington, Nature of the Physical World, p. 219. 
55 ibid., p. 153. 


56 A. S. Eddington, Mathematical Theory of Relativity, p. 148. 
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as related to matter.°7 Moreover, there has been some doubt as 
to the existence of lines or tubes of force even in connection with 
matter. But there is now good authority for regarding lines or 
tubes of force at least as affording a good picture of some actual 
distributions of energy in the milieu of the later cosmogonic 
structures. J. J. Thomson has developed a theory of lines of 
force to account for the structure of light and has suggested that 
they may enter into the structure of electrons.5* EH. T. Whitaker 
has shown that such tubes make possible an intuitive geometrical 
integration of the Maxwell-Lorentz equations of the electro- 
magnetic field.®°® Here we make the assumption that the tubes 
or some corresponding distributions of energy, or some condi- 
tions which, in connection with material structures, appear as 
energy exist in their own right at a level prior to that of elec- 
trons, although, as noted above, the possibility of building up 
such tubes of force from monads of a realm prior to the cosmo- 
gonic for the present must remain largely an assumption (see 
34.2534). <A tube or tubes of force may under certain conditions 
of motion be regarded as a wave (see 41.24218). We assume 
that a wave also may be integrated from monads of a prior realm 
as well as differentiated, e.g., in emissive radiation, from monads 
of later cosmogonic levels, so that the individuations of both 
tubes and waves are convergent. 

(41.13). It is easy, especially in the light of some evidence 
about waves, to say that there are simple or single, compound, 
and complex tubes of force. On the other hand, it is said that 
the (41.131) simple or single tube of force is physically an 
artificial abstraction, and that on the basis of the mathematical 
expressions derived we are entitled to consider tubes of force, 
as well as some other physical monads, only statistically.°° But 
the fact that we can not predict the motions of individual tubes, 
nor describe their structures, is no sign that such tubes do not 
exist. A situation not altogether dissimilar is encountered, for 
example, in biology, where the relative individuation of the 
monads in some respects is quite compatible with a general or 

57 A, §. Eddington, ‘‘The Relativity of Field and Matter,’’ Phil. Mag., 6, 
42, 1921, p. 800. 

58 J. J. Thomson, ‘‘The Structure of Light,’’ Phil. Mag., 6, 50, 1925, 
pp. 1181f. 

59K. T. Whitaker, ‘‘On Tubes of Electromagnetic Force,’’ Roy. Soe. 
Edinb., Proc., 42, 1921-22, p. 3. 

60 cf, A. S. Eddington, Nature of the Physical World, p. 201. 
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statistical treatment in other respects. In fact, relatively indi- 
viduated monads are implied in statistical distributions. <Ac- 
cording to many current theories, one might think that (41.1311) 
the simplest monad here is the quantum of energy. But quanta, 
which are discerned in interactions with matter, may be more 
complex (see 41.133). J. J. Thomson pictures a quantum as 
(41.1813) a tube closed in the form of a loop (see 41.2113). 
We suppose, then, that in regions remote from matter there are 
lines or tubes of force or whatever corresponds to them at this 
level, as well as (41.1382) local fields of such monads. 

Perhaps a tube of force is itself (41.183) a complex form 
built up of lines of force, but if this is so there are probably 
(41.1331) forms still more complex than the tubes. If a tube 
of force under certain conditions of motion constitutes a wave, 
complex forms may occur if either the analogy with complex 
sound waves, or Fourier’s theorem that any periodic vibration 
may be regarded as a series of regular waves superimposed upon 
one another * is applicable at this level. Schrodinger has sug- 
gested the treatment of trains of waves as ‘‘Gestalten’’ or 
wholes. But highly complex forms of waves do not, for our 
general hypothesis of epitomization, need to occur at this level, 
prior to electrons or atoms; the complex monads of other levels 
and realms are frequently found only in connection with monads 
of levels later than their own. If the more complex forms of 
tubes of force or of waves are found in connection with later 
monads, this may help us to place the units or ‘‘bundles of 
energy’’ called quanta, although in a day when the physicists 
themselves are uncertain about theories of quanta no conclusions 
which are other than tentative can be reached. With regard to 
the occurrence of quanta in later monads, Jeans has pointed out 
that the quantum principle makes no claim to apply except to 
the interchange of energy between matter and radiation. He 
thinks that the picture of concrete tubes of force in atoms can 
render a service to the quantum theory, and that although no 
doubt we must take a wider view, quantum atomicity may pos- 
sibly in the long run prove to be another aspect of the atomicity 
of electric charges.°* Eddington thinks that the interaction of 
radiation and matter in single quanta is too fundamental to be 

61cf. W. S. Franklin and B. McNutt, Light and Sound, 1909, pp. 235ff. 


62 EK. Schrodinger, Die Naturwissenschaften, 17, 1929, pp. 486ff. 


63 J. H. Jeans, Atomicity and Quanta, 1926, pp. 35, 47f. cf. O. Lodge, 
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a casual detail in the atomic mechanism.** We may note that 
since a quantum, properly speaking, is a quantity of action 
rather than of energy—in other words, is energy multiplied by 
time,®* or energy taken with respect to time-structure—the ener- 
gies of different quanta may vary while the quanta as such re- 
main equal. It is not difficult to suppose that quanta are com- 
plex structures, but the constancy of the value of the energy 
multiplied by the frequency may indicate that there are no ?? 
(41.1883) more highly complex grades of these structures. In 
general, any theory of quanta which regards them as distribu- 
tions of energy, no matter what their connection with waves,* 
corpuscular theories,®’ or tubes of force, may in one way or 
another be made consistent with the epitomization hypothesis. 

(41.14). Assuming that tubes of force can be considered, 
although perhaps not measured, individually, it appears that 
a tube (41.20) maintains its individuation in its interactions, 
or (41.30) gives rise to new tubes, or by (41.40) segregation 
contributes to the individuation of monads of other levels. 

(41.20). The relative individuation of a tube of force, what- 
ever be its degree of organization, is at least up to a certain 
point maintained by its interactions. Particularly in the cor- 
puscular theory, differences of direction are enough to exhibit 
the interactions as selective. 

(41.21). The appropriations of a tube of force may be 
(41.211) inecorporative of (41.2111) the milieu whenever the 
tube encloses or comes to include portions of it, or (41.2121) 
non-incorporative when the tube occupies or makes contact with 
portions of it. Descriptions here differ according to the view 
of the milieu adopted. There are no prior monads of the given 
realm but, according to J. J. Thomson’s theory, at least in an 
atom a tube of force may (41.2113) appropriate another tube 
closed in the form of a loop.*® A (41.2123) non-incorporative 
appropriation of cognate monads is involved in the effects which 
appear to us as their mutual attractions. For non-incorporative 

64 A, S, Eddington, Nature of the Physical World, p. 189. 

85 ibid., pp. 18077. 

66 cf, R. H. Fowler, ‘‘Matrix and Wave Mechanies,’’ Nature, 119, 1927, 
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interactions, immediate contact is not essential, either because 
mediate contact is supplied by the milieu or because action at a 
distance can be otherwise interpreted.°®° 

(41.22). Rejections are (41.2206) related to disintegrations. 
With some sets of coordinates, it is to be expected that all tubes 
of force would vanish, just as in some environments all organisms 
become extinct. Eddington suggests that the reason why quan- 
tum formulae can not be derived from the Einstein equations 
may be that an initial choice of coordinates automatically ex- 
cludes them.”® The kinds of rejection correspond to the kinds 
of appropriation; thus (41.2223) non-incorporative rejection or 
repulsion is probably involved in the physical processes of im- 
pact, resistance, and propulsion, often described in terms of 
causes and effects. In its repulsions of (41.2224) later monads, 
for example, a light-wave exerts pressure as a material body 
does. 

(41.23). The appropriations and rejections of tubes of force 
may be combined in many ways. Very important are those com- 
binations known to us as motions, translational, oscillatory, and 
rotational. The interpretation of motions of monads in the cos- 
mogonic realm offers several difficulties. (1) Descriptions of 
the motion must vary somewhat, according to the theory of the 
milieu adopted. In the classical theory of a space-filling aether 
as a unique frame of reference, a tube of force successively 
appropriates and rejects portions of the aether, or positions in 
the aether, and various combinations of such appropriations and 
rejections constitute translations through the aether or oscil- 
lations in it. A somewhat similar description will apply if the 
aether or milieu is thought of as a structure of ‘‘energies.’’ 
The description of motion in the relativity theory will consider 
spatio-temporal coordinates and their transformations; but even 
here there will be choices of coordinates or of points specified 
with respect to them, continuity of crumpling along world- 
lines,”* or other descriptions suggesting appropriations and re- 
jections. In the newer quantum theories it may be maintained 
that extension in space has no meaning as applied to an indi- 
vidual light-quantum and that such a quantum does not go 
through space, but that when there are enough quanta there are 

69 cf. A. N. Whitehead, Concept of Nature, p. 159; B. Russell, Analysis 
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certain statistical properties about them which are the genesis 
of distances and times; in this case the statistical properties 
may be those of atoms in their appropriations and rejections. 
(2) Again, the positions and motions of the later cosmogonic 
monads are usually reckoned with reference to other monads, 
rather than to the milieu of aether or space-time. 

(3) Motion often seems to be an incorporative interaction, 
since monads often contain portions of their milieus, but the 
more essential feature of motion seems to be non-incorporative. 
Thus for Bertrand Russell, the motion of an event EH does not 
imply any process or change within # but merely implies transi- 
tions among other events.7* In some monads there are (41.233) 
combinations of the two types of interaction. Motion is a selec- 
tive interaction at least when it has a definite direction. This 
on the relativist view may be interpreted in terms of difference 
of rate or choice of coordinates, but even then it exhibits or 
implies a selection. (4) Ordinarily the kinds of motion differ 
according to their different combinations of appropriations and 
rejections. If the combination is non-repetitive, we have 
(41.23217) translations; if alternately repetitive, (41.23218) 
oscillation. Rotation involves progressive and periodic processes 
on the part of constituent monads (see 41.24218). (5) It may 
be objected that such an interpretation of motion involves dis- 
continuity, is too static, and leads to the Zenonian puzzles; but 
such objections, we would say, can be met by considerations of 
the innotative references implicit in any theory of continuity 
(see Chapter I, 3). Such a way of meeting the objections seems 
less remote from the data than Bergson’s intuitive treatment 
of motion,’* since Bergsonian intuition appears in the cosmos 
only after a succession of levels and realms, marked by cumula- 
tive coordinations quite foreign to the level we are considering. 

When tubes of force in the form of motion which we know 
as waves (see 41.24218) interact with other similar tubes, we 
have processes of (41.231392, 41.232392) interference.” 

(41.24). Any constituent monads which in simple tubes of 
force persist in characteristic interactions must belong to prior 
realms, logical, numerical, or geometric-kinematical. According 
to our hypothesis, (41.2411) the persistent interactions of such 

72 cf, A. 8. Eddington, Nature of the Physical World, p. 201. 
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logical monads give the tubes of force their logical properties 
and make it possible for them to be subjects of propositions, ete.” 
The persistent interactions of numerical monads make the tubes 
amenable to arithmetical and algebraic treatment. <A similar 
persistence of geometric-kinematical monads gives the tubes 
their properties in space and time. Perhaps the important ‘‘sta- 
tistical properties’’“* conceal the fact that constituent prior 
monads tend to accumulate in some tubes, rather than in others. 
Of special importance are (41.2421) the non-incorporative inter- 
actions with the milieu which are involved in measurement. 
These processes are very complex, and exhibit some features 
which for our present interests are secondary. Measurements 
are expressed in terms of something taken as a unit; a length, 
for example, is expressed as so many units, or parts, of a foot- 
rule scale, as when we say a schoolboy is four feet high. But 
mere relationship to a scale is not necessarily measurement; a 
schoolboy whipped with a ruler four times is not measured. 
When we say the boy is four feet high we mean that points at 
the extremities of the boy’s body are under certain conditions 
congruent with marks on the foot-rule. Congruence and enu- 
meration are essential to measurement; the unit chosen is sec- 
ondary. Congruence is a relationship belonging properly to the 
realm of geometry (see 33.2422), while enumeration is a process 
conditioned by the realm of number (see 23.36). Congruence 
is here taken as the non-incorporative appropriation whereby a 
portion of a monad, under conditions of structure, order, etc., 
which obtain in the monad ag a whole, occupies a position with 
reference to a scale, or more analytically, exhibits a coincidence 
in a given space-time system. The fact that some number, or, 
to use Eddington’s term, measure-number,” describes such con- 
gruence is taken to mean that there is a persistent non-incorpora- 
tive appropriation, 7.¢., a one-one correlation, of parts of the 
monad with certain monads of the realm of number. So the 
measurement of the length of a tube of force is essentially a 
persistent non-incorporative appropriation by some of its con- 
stituent monads. There are some indications that at this level 
measurements obtained experimentally may distort the thing 
measured.’* Measurements of intensity, velocity, mass, momen- 

76 cf. G. D. Birkhoff’s view concerning logical patterns, Century Maga- 
gine, 118, 1929, p. 164. 


ii S, Eddington, Mathematical Theory of Relativity, p. 2. 
78 A, Haas, op. cit., p. 84. 
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tum, ete., are regarded as more complicated cases of the same 
basic process, involving time and space. In general, the hypoth- 
esis of epitomization does not depend for verification upon any 
specific results of measurements or any quantitative determina- 
tions. We shall see later that the hypothesis derives some 
support from certain formal considerations of pure logic and 
mathematics. 

Constituent monads combine appropriations and rejections in 
persistent motions which may be either (41.24217) translational 
or (41.24218) rhythmic, marked by periodic recurrences. When 
the persistent appropriations and rejections in a line or tube 
of force are progressive and periodic we may have rotations. 
J. J. Thomson holds that lines of force in motion constitute 
waves.°® But it is not necessary to suppose that such waves are 
simple in their structure. If they are lke water waves they 
must exhibit internal transmissions of constituent monads and 
cyclic processes.’7® In this connection, one may recall the theory 
of spinning vortices in the aether *° and Thomson’s theory that 
waves oscillate within the boundaries of structured units of 
which quanta form the cores.*t Some relativists hold that 
periodicity must be measured by standards intrinsic to the proc- 
ess concerned, and that the periodic character of a light-wave 
can not exist from its own point of view, but only from that of 
matter.** |We shall find, however, that it is common for monads 
of a given level to exhibit periodicities with reference to monads 
of later levels. In Schrédinger’s wave theory, a spherical spread 
ig an indeterminacy of position, a wider distribution of the 
probability that a particle lies within particular limits of posi- 
tion.*? Since in our hypothesis compound as well as complex 
degrees of organization are recognized, a wave or any of its 
parts may be regarded as an instantaneous aspect of certain 
serial displacements of particles or tubes, or as representing an 
averaging effect.*+ 

79 cf. A. E. Caswell, An Outline of Physics, 1928, pp. 523f7f. 

80 QO. Lodge, Atoms and Rays, p. 15. 

81 J. J. Thomson, ‘‘The Mechanics of the Electric Field,’’ Nature, 118, 
1926, p. 345. 

82 B. Russell, Analysis of Matter, pp. 350-52. 

83 A. §. Eddington, Nature of the Physical World, p. 214. cf. A. H. 
Compton, Sci. Mo., 28, 1929, pp. 300/f. 

840. L. Reiser, Jowr. Phil., 24, 1927, p. 376. G. P. Thomson, Nature, 


122, 1928, p. 282, says that the essence of a wave is transference of a state 
according to certain laws, 
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(41.25). The structure of any monad is noticeable in propor- 
tion as the monad is complex; comparatively little can be ex- 
pected in the (41.251) simple monads of this level. That the 
interactions of distributions of energy, at least when taken in 
connection with later monads, are (41.252) enregistered in 
modifications of their structures appears in deformations such as, 
on Lodge’s theory, the ‘‘opening out’’ of a magnetic loop,® or, 
in the Compton effect, an X-ray bounding off at a frequency 
lower than that of impact.*® Compton accounts for the differ- 
ence between wave theories and corpuscular theories of light in 
terms of interactions; he thinks that when light produces a 
physical effect it materializes into discrete particles.*’ Differen- 
tiation involves (41.253) segregations of constituent monads of 
(41.2531) prior realms. Russell holds, on relativist grounds, 
that the intrinsic character of waves is not known and never 
can be; still he says that the light-wave is a connected group 
of rhythmical events to which a certain mathematical structure 
is assigned.§* Polarization, an important property of lght- 
waves, may indicate differentiations of wave structure with re- 
gard to constituent frames in space-time, although it must be 
remembered that perhaps, as Eddington says, the extension of 
an individual quantum in space hag no meaning, and a quantum 
has a unity which outleaps space... A quantum at least involves 
time.®® If one considers tubes of force as (41.2533) complex 
forms of lines of force, the lines, according to Whitaker, would 
be the system of curves which intersect any simple closed curve 
of the equipotential surfaces orthogonally.*° As to (41.254) 
gross differentiations, J. J. Thomson analyzes the complex units 
of his theory of light into what amount to (41.2541) central, 
(41.2542) intermediate, and (41.2543) peripheral portions.®* 
According to de Broglie, light is corpuscular, but the corpuscles 
are accompanied and (41.255) guided by waves.® Obviously 

85 QO. Lodge, Ether and Reality, 1925, pp. 1117. 

86 A. Haas, Atomic Theory, transl. T. Verschoyle, 1927, pp. 78f. 

87 A. H. Compton, Sci. Mo., 28, 1929, p. 303. cf. G. N. Lewis, ‘‘Th 
Conservation of Photons,’’ Nature, 118, 1926, p. 874. 

88 B. Russell, Philosophy, pp. 108, 155; Analysis of Matter, p. 276. 

89 A. 8. Eddington, Nature of the Physical World, pp. 180, 183, 185, 201, 


90 E, T. Whitaker, Roy. Soc. Edinb., Proc., 42, 1921-22, p. 18. 


s1J. J. Thomson, Phil. Mag., 6, 48, 1924, p. 740; Nature, 118, 1926, 
p. 345. 


®2G, P. Thomson, ‘‘The Waves of an Electron,’’? Nature, 122, 1928, 
p. 279. 
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if light has a peripheral structure, this portion of it may be 
expected to be (41.2553) prominent in impacts. 

(41.26). In electromagnetic fields (41.261) mutual regula- 
tions may be observed in the constant adjustments between elec- 
trical and magnetic components. The fact that a wave has a 
definite axis may indicate (41.262) referential regulation. An 
example of (41.263) external regulation is afforded by the bend- 
ing of a light ray in a gravitational field.°* Possibly quantiza- 
tion with its constant h is to be understood in terms of regulation. 
Perhaps (41.264) the principle of least action, according to which 
in the transition from an actual motion to an arbitrary motion 
infinitesimally close to it a certain function characteristic of the 
variation vanishes,°* exemplifies persistent regulation. 

(41.27). Augmentation and depletion may be traced in the 
lengthening or shortening of tubes of force, such as is provided 
in J. J. Thomson’s theory of light® and Lodge’s theory of 
magnetism.°® On the classical theory, wave motions involve dif- 
ferential equations and thus references to (41.271) limits. This 
may have to be modified on account of discontinuous quanta, 
although Schrodinger thinks not.°’ J. J. Thomson’s theory of 
light provides for a boundary lmit of individuation in a struc- 
tured unit in which the bundles of waves are prevented from 
spreading because the energy density at its boundary has a 
eritical value.®® 

(41.80). A plurality of tubes of force is presupposed in any 
mention of cognate monads. (41.31). Repeated production 
seems plausible, for no one need suppose, either in the aether or 
the relativity theory, that all lines, fields, or waves are related 
in any closer way. | 

(41.32). In the aether theory, we have a hint of fission-like 
reproduction when a disturbance is said to be ‘‘propagated’’ 
across a medium by ‘‘overshoot.’’ ®® According to the principle 
of Huygens, each point of a given wave may be considered as a 


93 A, 8. Eddington, Space, Time, and Gravitation, pp. 106f. 

94M. Planck, A Survey of Physics, transl. R. Jones and D. H. Williams, 
1925, p. 112. 

95 J. J. Thomson, Phil. Mag., 6, 48, 1924, p. 738. 

96 Q. Lodge, Ether and Reality, p. 125. 

97 cf. B. Russell, Philosophy, 1927, p. 106. 

98 J. J. Thomson, ‘‘The Mechanics of the Electric Field,’’ Nature, 118, 
1926, p. 345. 

89 O. Lodge, op. cit., pp. 56, 91. 
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center of disturbance from which a spherical wave emanates.?°° 

(41.33). Under certain conditions, two electromagnetic waves 
meeting may give rise to a new wave compounded of the two.* 

(41.84). If geometry-kinematics be regarded as a prior realm, 
we may distinguish a persistent reproduction of prior monads 
in the interpretations of physical processes by resolution of 
vectors *°? (see 33.82112). 

(41.85). Tubes of force in a given field and individual waves 
of a given wave-train exhibit resemblances of frequency, in- 
tensity, ete., with such differences as are correlated with them. 
Often in physical measurements waves (41.351) resemble other 
waves and quanta other quanta to such a degree that their 
(41.352) individual variations are neglected and they are all 
(41.353) grouped together in statistical treatments.” 

(41.86). When waves are arranged in series in the order of 
increasing wave length, we have (41.3622) the great spectrum 
extending at least from cosmic rays to the long radio waves,*°* 
although some waves perhaps appear only in connection with 
later monads. 

(41.37). Series spectra show well known recurring numerical 
relationships between the frequencies of waves which, according 
to the Bohr theory, are emitted when electrons change their 
orbits within atoms.?°* The fact that these recurring relation- 
ships occur in connection with later monads makes the series 
spectra at least partially analogous to the recurring properties 
of atoms, taken in the order of increasing atomic number, within 
the still later monad, the earth. The view that waves are sta- 
tistical aggregates of tubes of force does not affect the periodic 
characteristic here, any more than the fact that the atoms which 
are assigned places in the periodic table are averaged assem- 
blages of isotopes affects the periodicity there. 

(41.38). Where one line, tube, or wave produces another, 
energy may doubtless be (41.8802) stored in ways analogous to 
conditions of potential energy or stress in material systems. 
There is also (41.3803) transfer of energy and (41.38121) sub- 
ordinate linkage by a process analogous to descent and heredity. 

100 W. S. Franklin and B. McNutt, Light and Sound, p. 40. 

101 B. Russell, Philosophy, p. 145. 
ee For resolution, see A. E. H. Love, Theoretical Mechanics, 1906, pp. 

103 A. H. Compton, Sci. Mo., 28, 1929, pp. 290f. 
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And any given line, tube, or wave is likely to be (41.38122) 
coordinately associated in the field or train with others which 
owe their origins to the same or similar processes. Interlocked 
quantum equations suggest (41.38123) mutual interactions. 

(41.41). Probably the more complexly organized monads of 
this level undergo processes of disintegration. The equipartition 
of energy and the law of entropy throughout a field represent 
processes which, if not disintegration, at any rate as far as they 
are operative prevent integration. When a compound wave 
travels through a medium along a conductor, its (41.411) shorter 
components become more rapidly attenuated than its longer 
ones. For the complex structures of his theory of light, Thom- 
son pictures a rupturing or destruction of the central rings. 
The question whether the simpler structures ever disintegrate 
is bound up with formidable problems concerning their origin, 
the conservation of energy, the constancy of the velocity of 
light, and the validity of the astronomical calculations in which 
it is assumed that light is virtually unmodified during its mil- 
lions of years in passage through space.’ If there is any dis- 
integration it must be all but negligible; on the other hand, 
there seems to be no reason for regarding lines of force or waves 
as eternal, although, like early monads in other realms, they 
may well be more enduring than later monads. A wave may be 
(41.412) obliterated by another wave in a process of inter- 
ference ?°? (see 41.23813892). Any ?? (41.418) ‘‘disintegration 
into the milieu’’ means that cosmogonic monads, such as lines 
of force, which arise from discrepancies between frames (see 
40.00) disintegrate into such frames or configurations of space- 
time again. 
- (41.42). Tubes of force may, as was said, constitute local 
fields (see 41.132), and tubes, corpuscles, or local fields together 
may be aggregated into vast cosmic fields of energy—perhaps, 
to use de Broglie’s phrase, into a gas formed of atoms of light.*° 

105 J, E. Murray, ‘‘ Vibrations, Waves, Resonance,’’ Sci. Am. Supple- 
ment, 83, 1917, p. 79. 

106 J, J. Thomson, Phil. Mag., 6, 48, 1924, p. 743. 

107 On the last, cf. A. S. Eddington, The Internal Constitution of the 
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J.J. Thomson for heuristic purposes likens his units of light to 
a sub-electronic gas.1?° 

(41.43). Within the vast cosmic field of tubes of force, or 
energies, or quanta, we may suppose that processes of integra- 
tion into monads of the next higher level occur. The view that 
electrons are built up in such a way can be maintained on the 
basis of the aether theory, the relativist theories, and various 
quantum theories. For example, Lodge pictures in the aether 
a fine-grained turbulent energy and a locking’ up of small regions 
of this turbulence, not merely in the travelling form of light- 
waves but in the potentially stationary form of electrons.*™ 
Mie has pictured what we observe as matter as centers of accu- 
mulation of aetherial energy where the lines of force are crowded 
together.11?. J.J. Thomson says that electrons and protons must 
be regarded as the centers of complex systems of which each 
electric charge carries an ‘‘atmosphere.’’*** Schrédinger re- 
gards an electron as a group of waves in space, at a point where 
superposed waves are in certain phase relations. The electron 
is not thought of as constituting a point charge, but as continu- 
ally streaming through space.t4 Whitehead conceives each 
‘‘yrimordial element’’ or electron as a vibratory ebb and flow of 
an underlying energy or activity, and says that if we keep the 
physical idea of energy, each such element will be an organized 
system of vibratory streaming of energy.**> All this appears to 
us to be quite in accord with the principle of integration, since 
distinctively new, 7.e., electronic properties appear in the com- 
bination of waves—perhaps when (41.481) some waves overtake 
others, and (41.482) intervals between them are eliminated. 
Sometimes electrons are traced to elements which are apparently 
not waves, aS when Jeans holds that electric charges are a con- 
sequence of, or at least are associated with, a curving or crump- 


110 J, J. Thomson, Nature, 118, 1926, p. 342. 

111 QO, Lodge, ‘‘ The Geometrization of Physics and its Supposed Basis on 
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ling of space,**® or when certain considerations from wave- 
mechanics indicate that the Schrédinger wave-packet theory can 
not interpret all the data, and that waves are to be understood 
not as physical existents but as measures of probabilities with 
respect to the positions and velocities of electrons.%7 The ques- 
tion here for us concerns not so much the integration of waves 
into electrons as it does the primary constituents and the nature 
of waves. It is quite in accord with our view here if waves 
are made up of geometric-kinematical, and even of numerical 
and logical monads (see 11.13, 32.2532, 40.00). It is usually 
assumed that what is said of electrons can without essential 
modifications be said of protons.11® 

(41.44). In the monads of the new level, 7.e., units of electric 
charge, the monads of this level, 1.e., lines of force or waves, 
(41.441) remain as constituents. These constituents, or else 
(41.442) newly differentiated parts cognate with them, are ap- 
parently prominent in or around the new structure.’!® Jeans, 
with the caution that it must not be regarded as anything more 
than a picture, is ‘‘tempted to imagine’’ that lines of force play 
a part in atomic structure.??° Again, he says that the normal 
atom consists of protons, electrons, and energy.*** 

116 J. H. Jeans, ‘‘Electrical Forces and Quanta,’’ Nature, 115, 1925, 
. 364, 
e 117 See L. de Broglie, An Introduction to the Study of Wave Mechanics, 
transl. H. T. Flint, 1930, pp. 4-8. 

118 cf, B. Russell, Analysis of Matter, p. 319. 

119 cf. E. Schrodinger, Ann. der Physik, 79, 1926, p. 508. 
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CHAPTER III 


Units of Evectric CHARGE (ELECTRONS AND PROTONS) 


“We may, without in the least interfering with the efficiency of the 
electron ... imagine it to be a veritable microcosm.” 


E. E. Fournier d’Albé, The Electron Theory, 1916, pp. 288f. 


(42.00). Units of electric charge, as already indicated, in- 
clude both electrons and protons. _ 

(42.10). Russell says that to treat an electron as a single 
entity has become as wrong-headed as it would be to treat the 
population of London as a single entity, but he also says that 
we must find some reality for the electron or else the physical 
world will run through our fingers like a jelly-fish.2 Whitaker 
thinks of electrons in free space as singularities in tubes of 
foree.6 According to Schrédinger, an electron may be regarded 
as the limit of a set of vibrations.t We regard units of electric 
charge as individuated, but only (42.11) relatively to (42.111) 
the milieu of aether or some kind of space-time and to (42.112) 
prior monads, 1.e., the tubes of force or waves of their fields. In 
several current theories electrons and waves are regarded as 
closely associated. Thus Davisson and Germer have shown that 
electrons in scattering from erystals are like waves.> .G. P. 
Thomson thinks that electrons are accompanied by waves, but 
electron waves and light-waves are not the same.® lL. de Broglie 
holds that the motion of an electron may be made mathematically 
equivalent to that of a train of waves.’ It is commonly held that 
the mass § of an electron must reside almost if not entirely in its 
field,? and in any account of the individuation of an electron its 

1B. Russell, Philosophy, p. 243. 

2B. Russell, Analysis of Matter, p. 319. 

8K. T. Whitaker, Roy. Soc. Edinb., Proc., 43, 1921-2, p. 3. 

4R. H. Fowler, Nature, 119, 1927, pp. 240f. 

5C. Davisson and L. H. Germer, ‘‘ Diffraction of Electrons by a Crystal 
of Nickel,’’? Phys. Rev., 30, 1927, esp. pp. 728f. 

6G. P. Thomson, ‘‘The Waves of an Electron,’’? Nature, 122, 1928, pp. 
281f. 

i H. Compton, Physical Review Supplement, 1, 1929, p. 86. 

8Q. Lodge, The Ether of Space, p. 89. 

90. W. Richardson, The Electron Theory of Matter, 1914, p. 8. 
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field must certainly be considered. Whitehead carries this to 
the extreme view that each electron may be said to fill all space, 
and Russell says he does not know if there is any valid ground 
for regarding the electron as of finite size.1t In practice, how- 
ever, one must regard the individuation here as in some sense 
relative, at least to (42.113) cognate monads, which may repre- 
sent alternative partitionings of space-time. The (42.1131) dy- 
adic relationship most prominent between such cognate monads 
is that of electrons and protons, whether this basic difference is 
to be understood in terms of separation of components of a 
charge,’? analysis of atomic structures,** excess and defect of 
mass or of angular velocity,’* difference of sign due to the fact 
that the extraction of a square root is involved in deducing an 
electromagnetic tensor from a Riemann tensor, rotation of par- 
ticles around the electrons,* or any combination of these ex- 
planations. It is difficult to say whether the electron or the 
proton should be regarded as prior; probably priority here de- 
pends upon a choice of conditions somewhat like a choice of 
coordinates. The dyadic relationship appears most clearly in 
(42.114) later monads, such as atoms; a proton is at the next 
level the nucleus of a hydrogen atom. Under local conditions, 
particularly in later monads, there may be excess of either pro- 
tons or electrons without affecting the fundamental dyadic rela- 
tionship. 

(42.12). Electrons and protons are encountered by us only 
as constituents of later monads; but, with the theory that they 
may also be integrated from prior monads (see 41.43), we regard 
their individuation as convergent. 

(42.138). That electrons exist in simple forms appears most 
likely from Millikan’s experiments, fixing the charge e on an 

10 A, N. Whitehead, The Organisation of Thought, 1917, p. 185. E. V. 
Condon, Science, 68, 1928, pp. 194/, says that Born’s work on Schrodinger’s 
theory yields not an actual charge density, but an expression of the proba- 
bility of finding the electron in different parts of space. 

11 B. Russell, Analysis of Matter, p. 321. 

12 cf. W. D. MacMillan, ‘‘The Structure of the Universe,’’ Science, 52, 
1920, p. 73. 

13 cf, E. Rutherford, ‘‘ Electricity and Matter,’’ Nature, 110, 1922, p. 183. 

14 A, P. Mathews, ‘‘Some General Aspects of the Chemistry of Cells,’’ 
in E. V. Cowdry, ed., General Cytology, 1924, p. 23. 

15 G. Y. Rainich, ‘‘Mass in Curved Space-Time,’’ Nat. Acad. Sci., Proc., 
12, 1926, p. 112. 

1é J, J. Thomson, Nature, 118, 1926, p. 342. 
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electron as one of the fundamental physical constants.17 Even 
though electrons and protons are (42.132) compounded in elec- 
tromagnetic fields, Millikan’s work makes it unlikely that any ?? 
(42.133) complex forms exist, or at least can now be detected. 
Electrons seem to be deficient in the monadic characteristics 
here, as at some other points. Possibly they are not true monads 
and do not fully meet the criteria of a level; similar questions 
arise with monads provisionally assigned, in parallelism, to the 
second level of other realms. Perhaps all such monads are in 
some respects defective and are best regarded as transitional. 
At any rate (42.14) the individuation of electrons seems to be 
somewhat affected by their interactions, etc. 

(42.20). Electrons and protons maintain their relative indi- 
viduations by interactions, which the critical ionization poten- 
tials in absorption,® as well as definite directions of motion, 
show to be selective. | 

(42.21). Their appropriations may be (42.211) incorporative 
or (42.212) non-incorporative. Their appropriations of 
(42.2111, 42.2121) the milieu, whether regarded as aether or 
space-time, are best studied in combinations (see 42.28). Milh- 
kan, at least in atoms, posits electronic (42.2112) absorbers of 
radiation.t® Jeans says that a free electron can absorb no radi- 
ant energy except that whose frequency is zero—that is, the 
energy of an electrostatic field—but when all time and space are 
taken into account no electron is strictly free.2° If there are no 
complex organizations (see 42.133), then (42.2113) ineorpora- 
tive appropriation of cognate monads if it occurs must be con- 
fined to appropriations of energy from overlapping fields of 
other electrons. Non-incorporative appropriations of (42.2122) 
prior and (42.2123) cognate monads may be detected in field 
conditions ordinarily interpreted as attraction between charges 
of opposite sign. 

(42.22). Concerning rejections, the usual (42.220) general 
considerations apply; for example, the mutual annihilation of 
an electron and a proton, which is now thought to account for 
the prodigious energies of the stars,?4 may be interpreted as 

17 R, A. Millikan, The Electron, 1917, pp. 155, 157, 176f, 230. 

18 C. H. D. Clark, The Basis of Modern Atomic Theory, 1926, p. 201. 

19R. A. Millikan, op. cit., p. 234. 

20 J. H. Jeans, Atomicity and Quanta, pp. 39-42. 


21 A, §. Eddington, Internal Constitution of the Stars, Chap. 11, esp. pp. 
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(42.2206) an appropriation amounting to disintegration and re- 
jection, 7.e., emission of energy. At least in atoms, Millikan has 
postulated (42.2212) electronic emitters.1° When a quantum of 
X-rays rebounds from an electron in an atom,”? the process in- 
volves at least a partial (42.2222) non-incorporative rejection of 
a prior monad. Processes of (42.2228) repulsion of similar 
charges are familiar. 

(42.23). The combinations of appropriation and rejection 
which are most important for us are those involved in (42.23217, 
4223227, 42.23237) motions of electrons, which will be variously 
described according as the aether theory or more recent theories 
are adopted (see 41.23217). The Heisenberg principle of in- 
determinacy, for instance, makes it impossible to assign exact 
position and velocity to an electron at the same time,”*® and thus 
raises questions concerning measurements of motion. 

In atoms the motions of constituent electrons are periodic, 
either in oscillations or rotations (see 438.24218), but it is not 
clear that such ?? (42.23218, 42.23228, 42.23238) processes will 
characterize free electrons. Processes of (42.232391) preemp- 
tion seem more likely, and processes of (42.232393) reinforce- 
ment may be inferred from the data on connections of electric 
cells in series.** The fact that two moving electrons exert equal 
and opposite ‘‘forces’’ on one another, in accordance with the 
third law of motion, affords an example of (42.232394) inter- 
change—particularly since action and reaction are not always 
eontemporary.*> Electronic motions may involve (42.233) com- 
binations of incorporative and non-incorporative interactions. 

(42.24). Persistence of (42.241) incorporative interactions is 
possible. Oxley in his theory of magnetism thinks that the in- 
ternal forces of an electron may be highly localized.2® Per- 
sistence of non-incorporative interactions appears in processes 
of (42.2421) measurement (see 41.2421) and (42.24217) motions 
of constituent parts. Any theory which describes the electron 
as a ring *° will be likely to include (438.24218) circulatory proc- 
esses. In several theories it has been held that electrons exhibit 
rotations—for example, in Lodge’s restatement of the theory of 


22 A, H. Compton, Physical Review Supplement, 1, 1929, p. 80. 

23 A, §. Eddington, Nature of the Physical World, pp. 2207f., 3067f. 
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aethereal vortex motions,2” and interpretations of atomic spectra 
by the aid of ‘‘spinning electrons.’’** Allen thinks that spin- 
ning protons are also possible.”® 

(42.25). Whitehead’s theory of the electron (42.251) “‘adds 
the possibility of organic deformation to that of mere locomo- 
tion.’’®° According to Lorentz, particles constituting the elec- 
tron (42.252) experience a contraction in the direction of motion 
in consequence of that motion.** With regard to (42.253) con- 
stituents, we note that Eddington says that the question as to 
what an electron is has never been answered, and that no familiar 
conceptions can be woven round it; science does, however, make 
some progress, since (42.2531) numbers are scattered in our de- 
seription.®? Russell says that if we assume that the electron is 
of finite size, the electron is a group of points, a class of classes 
of events, and that what goes on inside an electron, if anything 
does, is not really in the same space-time as what goes on out- 
side.*? For all this, several theories of magnetization require 
some polarization in the electron. J. J. Thomson, in connection 
with his theory of light, thinks that electrons and protons must 
be regarded as centers of complex systems, each being sur- 
rounded by (42.2532) an atmosphere of particles.2* When the 
surrounding field is taken to be part of the electron, it exhibits 
a (42.254) gross differentiation into (42.2541) central,®* 
(42.2542) intermediate, and (42.2543) peripheral ** portions. 
Differentiations of structure doubtless involve (42.255) spe- 
cializations of function; thus Mie compares (42.2553) the sur- 
rounding field to an organ for grasping (‘‘Greiforgan’’) .%¢ 

(42.26). Tendencies to (42.261) mutual regulation may be 
looked for if there are any forces holding the electron or proton 

27 Q. Lodge, ‘‘The Ether and Electrons,’’ Nature, 112, 1923, p. 188. 

28 G. EK. Uhlenbeck, 8S. Goudsmit, ‘‘Spinning Electrons and the Structure 
of Spectra,’’ Nature, 117, 1926, pp. 264f.; A. S. Eddington, ‘‘Spinning 
Electrons,’’ ibid., p. 652. 

29H. S. Allen, ‘‘Spinning Electrons and Protons,’’ Nature, 119, 1927, 
pp. 237f. 

80 A. N. Whitehead, Science and the Modern World, 1926, p. 196. 

81 A, Hinstein, Relativity, The Special and General Theory, p. 60. 

82 A. S. Eddington, Nature of the Physical World, pp. 290f. 

33 B. Russell, Analysis of Matter, pp. 321, 325. 

84 J. J. Thomson, Nature, 118, 1926, pp. 34277. 

85 A, H. Compton, ‘‘The Magnetic Electron,’’ Jour. Franklin Institute, 
192, 1921, pp. 147f. 

86 G. Mie, Scientia, 37, 1925, p. 154. 
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together. If the electron in rotating exhibits gyroscopic prop- 
erties,*” with maintenance of equilibrium in some axes and 
planes, this may be called (42.262) referential regulation. Elec- 
tronic inertia may be an example of (42.263) regulation with 
reference to external conditions. 

(42.27). Processes of augmentation and depletion are evi- 
denced in the variations of electronic mass with velocity, as the 
latter approaches (42.271) the limiting velocity of light.** Ac- 
cording to Rutherford, the moving charge generates a magnetic 
field in the space surrounding it, resulting in an increase of 
energy in the moving system.®® De Broglie maintains that an 
electron leaving an atom under certain conditions expands like 
an umbrella and in the expanded form has a composite struc- 
ture.* 

(42.80). ‘‘Electrons,’’ says Lodge, ‘‘have come into existence 
somehow. The subject of origins usually les outside science.’’ 4 
Hypotheses of (42.381) repeated production are, however, coming 
to be recognized; a number of writers have suggested that elec- 
trons in atoms, at least, in ‘‘disappearing’’ from one energy level 
and ‘‘appearing’’ in another go out of existence in the interval.*? 
Any theories of integration of prior monads into electrons (see 
41.43) may be regarded as theories of repeated production of the 
latter. The lack of data as regards ?? (42.32, 42.33) electronic 
reproduction again makes it seem likely that if electrons are to 
be accorded the status of a level, the level is in some respects 
defective. 

(42.85). All electrons are currently held to resemble one 
another in constancy of the charge e. In this respect there seem 
to be no ?? (42.3851) degrees of resemblance, although Lorentz 
has objected to the theory of a constant volume electron ** and 
(42.3852) variations of mass as a function of velocity are ad- 
mitted.** 

(42.36). There are no recognized serial arrangements, al- 

87 A. H. Compton, op. cit., p. 155. 

38 cf. J. J. Thomson, ‘‘ Matter,’’ Encyc. Brit.,11 Vol. 17, p. 893. 

39 H. Rutherford, ‘‘ Electricity and Matter,’’ Nature, 110, 1922, p. 182. 

40L. de Broglie, address at British Association, reported in New York 
Times, September 12, 1928, p. 10. 

410. Lodge, Nature, 112, 1923, pp. 190f. 

42 cf, H. A. Kramers and H. Holst, The Atom and the Bohr Theory of Its 
Structure, 1923, pp. 133f. 


43H. A. Lorentz, Theory of Electrons, 1909, p. 220. 
44Q, W. Richardson, Electron Theory of Matter, pp. 234ff. 
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though an electric current may be regarded as a (42.3621) 
cognate series, and the presence of electrons at different energy 
levels of atoms may indicate the possibility of (42.8622) classi- 
fications in the order of energies, angular momenta, etc.* 

(42.37). Electrons grouped or moving in orbits within atoms 
exhibit geometrical periodicities; periodic relationships of 
monads of a given level often appear in connection with later 
monads. It may be noted that the matrix mechanics interprets 
transition probabilities of electrons within atoms in a two-dimen- 
sional array of terms.*® 

2? (42.38). The possibility of (42.38121) linkage between 
electrons and (42.38122) association of electrons having similar 
origin hangs upon the possibility of repeated production and 
reproduction. As regards (42.381381) linkage by constituent 
parts, Lodge has called attention to Bragg’s interpretation of the 
fact that the impact of X-rays of certain frequencies upon an 
atom is followed by the emission of a beta-particle (7.¢., an elec- 
tron) and vice versa, saying that it is as if the same beta-particle 
had gone out of existence at one place and had been recreated at 
another, the intermediate link being constituted by specific radi- 
ation of a definite wave-length.* 

(42.41). Eddington says that since there is no real radius of 
the world in the time-direction of an electron, the electron goes 
on existing indefinitely,47 but, as we noted above, it has often 
been held that in quantum changes in atoms electrons pass out of 
existence. Swann, in attempting to account for the earth’s mag- 
netism, supposes that protons disintegrate and result in a lack 
of balance of positive and negative charges.*® We noted also 
that it now seems likely that electrons and protons in atomic 
nuclei in the stars (42.412) collide and mutually annihilate one 
another. Electrons (42.413) disintegrate into their milieu, if, 
as Reiser suggests, the electron in the atom ‘‘dies’’ by untwisting 
itself in another dimension.*® 

(42.42). An aggregation of free electric charges, while not 
viewed as impossible, is conditioned by the fact recognized by 

45 cf. H. N. Russell, ‘‘The Properties of Matter as Illustrated by the 
Stars,’’ Astr. Soc. of Pacific, Publications, 33, 1921, p. 279. 

46 R. H. Fowler, Nature, 119, 1927, p. 239. 

47 A. S. Eddington, Nature of the Physical World, p. 146. 

48 W. F. G. Swann, ‘‘Why the Earth is a Magnet,’’ Sci. Mo., 21, 1925, 
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49 QO. L. Reiser, Monist, 35, 1925, pp. 606f. 
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Millikan, that a collection of oppositely charged particles could 
not remain for long uncombined.*° 

(42.43). Possibly within such aggregates electrons and pro- 
tons by integration combine into new monads, 2.e., atoms of hy- 
drogen. The Bohr theory of atomic structure has implied that 
such integration takes place,°! and the computed frequencies of 
some of Millikan’s cosmic rays are said to correspond closely to 
the energy in the simple capture of an electron by a positive 
nucleus.°? The prevailing view now is that electrons and pro- 
tons do not directly form atoms heavier than hydrogen,®* but 
that the heavier atoms are complex forms made up of hydrogen 
(see 43.183). The structure of hydrogen, as well as other atoms, 
shows (42.431) the importance of the dyadic relationship. The 
formation of hydrogen, like that of heavier atoms, is, according 
to Millikan, accompanied by (42.482) emission of energy *? and 
loss of mass in the so-called ‘‘ packing effect.’’ °4 

(42.44). That electrons and protons are (42.441) prominent 
in the differentiations of the new monads appears from all the- 
ories of atomic structure which endeavor to present a model 
rather than a mathematical generalization. There is no clear 
evidence of ?? (42.442) electrons or protons being produced by 
differentiation within atoms, although Bragg says that in an 
atom encountered by a wave ‘‘an electron springs into exist- 
ence.’”’ 55 

50 cf. J. H. Jeans, ‘‘The Physics of the Universe,’’ Nature, 122, 1928, 
. 699. 
: 5icf. J. W. Nicholson, ‘‘The Spectra of Hydrogen and Helium,’’ Roy. 
Astr. Soc., Monthly Notices, 74, 1914, p. 425. 
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CHAPTER IV 


ATOMS 


“An atom is a world in itself. ... How has the indivisible unit 
evolved into the complex microcosm we now imagine?” 


A. D. Cole, Science, 41, 1915, p. 73. 


(43.00). We come now to what are usually called ‘‘mate- 
rial,’’ as distinct from what might be called ‘‘electrical’’ or 
‘‘onergetic’’ monads; the primary material monad is the atom. 
In a strict sense, the monad of this level is the atomic nucleus. 
A complete atom has both nuclear and peripheral regions, but 
an atomic nucleus may in its interactions lose most of its pe- 
ripheral electrons, or interact without peripheral electrons (see 
43.252), and not alter its essential character. 

(43.10). The individuation of atoms is (43.11) relative to 
(43.111) the milieu of aether or space-time, although perhaps 
not our ordinary space or time,! to (43.112) tubes of force and 
electrons, and to (43.113) cognate monads. With the last- 
named there is the prominent (43.1131) dyadic relationship of 
electropositive and electronegative; the excess of electrons pres- 
ent in the latter atoms may be due to difference of rate of acqui- 
sition, and may be correlated with differences of velocity. 

(43.12). Atomic nuclei and atoms known to us exist as con- 
stituents of astronomical bodies or larger systems. An atom 
passing between the sun and the earth, for example, is not an 
‘fatom in free space.’’ We assume that some atoms do, how- 
ever, exist in free space.? The fact that atoms appear as differ- 
entiations within astronomical bodies is an indication that their 
individuation is convergent. 

(43.13). Ordinary chemical reactions can give us but the 
averages of properties of large numbers of atoms, but the refined 
work of recent years has afforded definite knowledge at least of 
what comes out of individual atoms. Although a single proton 
may be regarded as the nucleus of an atom, the (43.1311) sim- 
plest complete atom is composed of one proton and one electron; 
this is usually said to be hydrogen. J. W. Nicholson has, how- 

1A. §. Eddington, Nature of the Physical World, pp. 155, 197f, 201. 

2See A. S. Eddington, Internal Constitution of the Stars, pp. 318, 377f. 
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ever, maintained that the nucleus of terrestrial hydrogen is mul- 
tiple, and that the simplest atoms should be called proto-hydro- 
gen.* Whatever the simplest atoms be called, they can be 
regarded either as (48.18111) integrations of protons and 
electrons, or aS (43.18112) differentiations within an electronic 
nebula. As regards (43.1812) atoms composed of larger num- 
bers of protons and electrons, but belonging to the same type as 
the foregoing, (48.13120) several possibilities present themselves. 
If Nicholson is right about proto-hydrogen, here is probably 
(43.181201) the place for ordinary hydrogen, either as 
(43.1812011) integrated or (43.1812012) differentiated. Again, 
here may be the place for (43.131202) little known or unknown 
atoms, perhaps isotopes of hydrogen or helium,’ or at present 
indistinguishable from hydrogen molecules. Once more, here 
may be (48.181203) the place for helium. Wherever it is classi- 
fied, helium is very important among atoms. The atoms of 
helium are (43.1312031) monatomic molecules in relative inde- 
pendence, with individuations not modified by chemical inter- 
actions. Apparently helium or helium nuclei, with hydrogen 
atoms, (43.1312032) build up the atoms of the heavier elements 
(see 43.1383). Helium nuclei (43.1312033) escape in the alpha- 
ray changes of radioactive atoms, and if taken over sufficiently 
long periods may be said (43.13812034) to have a part in the 
reproductive processes of such atoms and perhaps even of astro- 
nomical bodies (see 43.3212, 44.332). Nicholson holds that there 
are certain (43.1313) loose combinations of electrons and pro- 
tons which he calls ‘‘simple-ring atoms,’’ including proto-hydro- 
gen and containing from two to eight electrons each, with a 
minimum of structure and no nuclear electrons.® 

Atoms are doubtless (48.132) compounded into local aggre- 
gates, either by (43.13211) aggregation or (43.138212) differen- 
tiation. Such compounding in local fields of atoms perhaps 
precedes the development of complex atoms. Examples of 
(43.133) complex atoms:made up by (43.13311) integration of 
simple ones are perhaps afforded by the inferred synthesis of 


3.J. W. Nicholson, ‘‘ Hydrogen and the Primary Constituents of Nebulae, ’’ 
Roy. Astr. Soc., Monthly Notices, 74, 1914, pp. 208, 488f.; ‘‘ Electromag- 
netie Inertia and Atomic Weight,’’ Phys. Soc. Lond., Proc., 27, 1914-5, 
p. 2177. 

4cf. J. J. Thomson, Rays of Positive Electricity, 1913, p. 119, and E. 
Rutherford, reported in Nature, 106, 1920, p. 357. 
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hydrogen into helium, with release of “‘cosmic rays.’’*> Or, if 
helium be taken as a simple form, complex forms are afforded 
by repeated syntheses of hydrogen and helium. Current dis- 
cussions of the sources of stellar energy show that the formation 
of complex atoms may be the result of (43.13312) differentiation 
within later monads. Jeans thinks that there is no clear evi- 
dence of atom-building, and that the energy of the nebulae and 
stars comes from the breaking up of heavy atoms, some of which 
are heavier than uranium.® Eddington thinks that while it is 
possible to regard atom-building as one of the sources of stellar 
energy, it can not be the main source and to admit it at all is 
to complicate the otherwise fairly simple evolutionary sequence 
of the stars. It may, however, take place in nebulae or in dif- 
fuse matter.’ The possibility of origin in diffuse matter is 
apparently confirmed by some recent investigations of cosmic 
rays.© Atom-building in the earth seems at present unlikely. 
Unless helium be regarded as complex, there is at present no 
direct evidence of the formation of atoms by (43.1333) syn- 
theses of higher orders of complexity, although possibly oxygen 
or an element like neon, itself a synthesis of simpler atoms, enters 
as a component into more complex atoms. 

(43.14). The relative individuation of atoms is affected by 
other monadic characteristics about to be considered. We shall 
not attempt to keep our account of hydrogen atoms, complex 
atomic nuclei, and atomic nuclei with peripheral electrons al- 
ways distinct, just as in cases of other monads we do not attempt 
to go to extremes in analysis of the interactions of the various 
simple and complex forms. 

(43.20). We have noted that in atomic interactions the nuclei 
are the essential portions and that the peripheral electrons may 
be acquired or lost. But since comparatively few atoms lose 
all their peripheral electrons, it is now better to speak of atoms 

5R. A. Millikan, ‘‘High Frequency Rays of Cosmic Origin,’’ Nature, 
116, 1925, p. 825. This has been questioned by J. H. Jeans, in Nature, 
122, 1928, p. 699; but see R. A. Millikan and I. S. Bowen, Nat. Acad. Sci., 
Proc., 16, 1930, pp. 4237. 

6 J. H. Jeans, ‘‘The Evolution of the Stars,’’ Nature, 117, 1926, p. 21; 
**Recent Developments of Cosmical Physics,’’? Nature, 118, December 4, 
1926, Supplement pp. 33/. 

7A. S. Eddington, The Internal Constitution of the Stars, pp. 294-319; 
cf. R.d’E. Atkinson and F. G. Houtermans, Nature, 123, 1929, p. 567. 
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as interacting. The data of critical ionization potentials,® as 
well as valences, show that the interactions of an atom are 
selective. 

(43.21). Atoms interact by appropriations, of which we con- 
sider first the (43.211) incorporative. Appropriations of por- 
tions of (43.2111) the milieu are best studied in combination 
with rejections (see 43.23). Jeans maintains that it is the 
hydrogen atom as a whole, rather than the constituent proton 
and electron, which (43.2112) absorbs radiation.1° Aston’s work 
indicates absorption of electrons and protons by heavier nuclei." 
Inecorporative absorption of (48.2113) cognate monads may be 
traced in the action of some heavy nuclei upon helium nuclei in 
alpha radioactivity.1? The (43.212) non-incorporative appro- 
priations of portions of (43.2121) the milieu are probably best 
exemplified when an atom occupies a given position. Such 
appropriations of (43.2122) prior monads occur in the deflection 
of X-rays in the magnetic field, and of (48.2123) cognate monads 
in what used to be called ‘‘chemical affinity,’’ although this is 
open to other interpretations. 

(43.22). The processes of rejection correspond, with some 
modifications, to those of appropriation. The individuation of 
the rejecting monad is (43.2201) maintained against the milieu. 
Ordinarily (48.2202) a rejected monad is lost and no further 
account of it is taken. An essential type of atomic rejection is 
(43.2203) ejection, secondary to incorporation. There may be 
(43.2204) ejections or repulsions after contacts in which there 
was not sufficient absorption or attraction. In such processes, 
(43.2205) atomic and intra-atomiec ‘‘thresholds’’ or boundaries 
are important. An atom may merge with its boundary condi- 
tions and (43.2206) disintegrate. Rutherford’s bombardment 
of nitrogen atoms by alpha-rays** shows that, at least in the 
laboratory, some appropriations lead to rejections and cause 
disintegration. Examples of (43.2212) incorporative rejection 
of prior monads are seen in emission of light, and in beta- and 


9C. H. D. Clark, The Basis of Modern Atomic Theory, p. 201. 
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gamma-ray changes in radioactive elements.** Rejection of cog- 
nate monads occurs when (48.2213) palladium occludes hydro- 
gen.5 Alpha-ray changes may also be included here, although 
perhaps other interpretations are more essential (see 43.3212, 
43.41). The (43.222) non-incorporative rejections are best seen 
in field conditions interpretable in terms of repulsions, or when 
the Compton effect (see 42.2222) is regarded as involving atoms 
rather than electrons. 

(43.23). Combinations of appropriations and rejections occur 
in great variety. For example, Bohr thinks that atoms bind 
electrons within each group (438.23121) successively.t® In ra- 
dioactivity Uranium X, forms Uranium II in (48.23122) two 
successive beta-ray changes.17 G. N. Lewis pictures (43.23123) 
an absorption and emission of photons,!® and Rutherford thinks 
that an alpha-particle passing through an atom occcasionally 
removes and captures an electron and then loses it in passing 
through other atoms.’ An atom may (43.23124) absorb both 
a light-wave and an electron, or (48.23125) emit both, or 
(43.23126) absorb either and emit the other.?° It may (43.23128) 
repeat the process of capturing and losing an electron, at least 
when it is in motion 2! (see 43.233).- Incorporative interactions 
with (43.2313) cognate monads do not differ in principle from 
the foregoing except in (48.231391) preemptions—for example, 
the behavior of atoms with unsaturated as compared with others 
with saturated valences. One should also note familiar processes 
of (48.2313892) ionization by collision; (43.231393) increase 
of the negative charge of an atom by adding other electrons; 
the (43.231394) relations of absorbing and emitting atoms which, 
according to Lewis, in radiation play coordinate and symmetri- 
eal parts;*® and the ‘‘sharing’’ of valence electrons.2? We 

14 J, A. Cranston, The Structure of Matter, pp. 37ff. 

15 ef. A. E. Oxley, ‘‘Theories of Magnetism,’’ Nature, 111, 1923, p. 56. 

16 N. Bohr, ‘‘ Atomic Structure,’’ Nature, 107, 1921, p. 105. 

17 J. A. Cranston, op. cit., p. 45. 


18G, N. Lewis, ‘‘Light Waves and Light Corpuscles,’’ Nature, 117, 
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Sci. Mo., 18, 1924, p. 342. 

20 J. J. Thomson, ‘‘A Suggestion as to the Structure of Light,’’ Phil. 
Mag., 6, 48, 1924, p. 739; N. Bohr, Nature, 107, 1921, p. 105. 
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regard the motions of atoms as (43.23217) non-incorporative 
interactions with the milieu, or (43.23227) prior monads, al- 
though incorporative processes may be (43.233) combined with 
these. 

(43.24). Constituent monads interact with (48.2411) the 
milieu in changes of logical and numerical properties and in 
deformations in space and time. They interact with (43.2412) 
prior monads if electrons within the atoms absorb and emit 
radiations (see 42.2112, 42.2212). Persistence in (43.2421) non- 
incorporative interactions with portions of the milieu are in- 
volved in measurement (see 41.2421). Persistence amounting 
to (43.24117, 48.24217) internal transmissions occurs when ab- 
sorbed energy, according to Bragg, is divided up among various 
rays,”* and when electrons, on the Bohr theory, pass from one 
energy level to another.** Perhaps passages of (48.241387) hy- 
drogen or helium nuclei®> occur in heavy atoms. Rhythmic 
recurrences here would afford: various (48.24218) circulatory 
processes—for example, if electrons oscillate around definite 
positions in the atom,”® or if electrons and protons circulate in 
nuclear orbits.2* The spins or the revolutions of electrons in 
their atomic orbits, according to various theories, set up mag- 
netic fields.2* There may be (48.248) combinations of inter- 
actions with the milieu and with prior and cognate monads, as 
in ionization by collision. 

(43.25). That the interactions of atoms are enregistered in 
their structures appears whether we (43.251) start with an in- 
tangible ‘‘Schrodinger’s mist’’ which (43.252) draws itself more 
and more together until it begins sketchily to outline a Bohr 
atom,”® or start with a bare nucleus, or with a combination of one 
proton and one electron which gradually gives rise to heavier 
atoms. According to Bohr, when an atom absorbs a quantum 

23 W. Bragg, ‘‘ Electrons and Ether Waves,’’ Sci. Mo., 14, 1922, p. 159. 

24N. Bohr, The Theory of Spectra and Atomic Constitution, 1924, esp. 

. 113. 
: 25 For helium, see G. Gamow, ‘‘The Fine Structure of Alpha Rays,”’ 
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27 J. A. Crowther, ‘‘The Nucleus of the Atom,’’ Scientia, 39, 1926, p. 172. 

28 See E. C. Stoner, Magnetism and Atomic Structure, 1926, pp. 12, 
64-75. Heisenberg’s theory is explained by R. H. Fowler, Nature, 126, 
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of radiation its (43.2521) peripheral structure is altered by the 
passage of an electron to a new orbit. Eddington thinks that 
for states of low quantum number, where in the Bohr model the 
electrons are closer to the nucleus, space and time in our sense 
do not exist, but that there is something ready to approximate 
such space and time as the quantum numbers increase and to 
merge into space and time when the number becomes infinite.*® 
Other adjustments accompany absorption of radiation, as in 
the Zeeman effect.*t Sometimes an atom captures electrons 
enough to fill its outer ring, when it becomes inactive. In 
‘‘transmutation of elements,’’ (48.2523) central structures are 
also modified, at least according to various theories of ‘‘atom- 
building.’’ °? Some minor points may be noted for parallelisms, 
although not analogies, with other monads. Thus, (43.25231 *) 
atoms of hydrogen are said to form later atoms by their com- 
binations in various ways. Nicholson has maintained that 
(43.25232 *) at first electrons surround several protons at once 
in simple-ring atoms.** There may well be (43.25233 *) transi- 
tional forms before the hydrogen atoms are gathered into a 
helium nucleus. If atoms are built up by a process the opposite 
of radioactivity, (48.25234*) their appropriations of helium 
nuclei must be enregistered in their structures.** 

(43.253). Atoms are differentiated with respect to (48.2531) 
constituents from prior realms; thus theories of electronic¢ orbits 
have implied certain geometrical axes, polarities, etc., as well as 
structures in time. If an atom is regarded dynamically, 
(43.2532) tubes, fields of force, or waves ** may be said to be 
constituents of it; but the principal constituents are (43.25321 *) 
protons and electrons, into which the hydrogen and helium which 
make up heavier atoms may be analyzed. Protons are confined 
to the nucleus, along with some of the electrons, while other 
electrons are at various energy levels in the intermediate or 
peripheral regions. Harkins says that it seems probable that 
(43.25322 *) the negative electrons in the nuclei of atoms are 

30 ibid., pp. 191, 197ff. 

31 J. A. Cranston, op. cit., p. 100. 
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largely associated in pairs, and that in general one pair of elec- 
trons seems to bind two pairs of protons.*® Cassen says that 
the isotopes indicate what is apparently resonant pairing of 
nuclear electrons, but no such tendency for protons; protons 
in the hydrogen molecule seem to attract resonantly in groups, 
but they can repel dissonantly in pairs.*7 Such attractions and 
repulsions of protons, according to our view, furnish a partial 
parallelism for the behavior of genes in chromosomes in the 
processes of fertilization and mitosis (see 43.82113). Sinee, 
according to the work of Moseley, the (48.25323*) excess of 
protons over electrons in the nucleus determines the atomic 
number and hence the properties of the atom,*® it is often held 
that the protons are the more important constituents; but the 
atom is supposed to be neutral, and the electrons must have some 
part in determining its properties, through its interactions. 
Each constituent atom of helium is apparently (43.25324 *) 
composed of four hydrogen atoms, and the number 4 seems to 
be of some importance in atomic structures.*® Loring notes that 
on the Langmuir theory cells in atomic zones are always in 
multiples of 4; this suggests, he says, a tetragonal symmetry for 
atoms of the inert gases.*° 

When (43.2533) constituent cognate monads are taken with- 
out such analysis, it is found that (43.25331) helium nuclei are 
particularly prominent in alpha radioactivity, and hence possibly 
in reproduction (see 48.3212). There is no good evidence that 
2? (43.25332) atoms or atomic nuclei heavier than helium enter 
as constituent cognate monads into nuclei of atoms still heavier ; 
but it is strange if in atoms presumably electrically neutral and 
determined in their properties so largely by nuclear constituents, 
there are not some nuclear organizations correlated with the 
peripheral organizations evident in the differences between the 
short and long rows of the periodic table. In accordance with 
a suggestion of Eddington concerning the formation of helium 


38 W. D. Harkins, ‘‘Surface Structure and Atom Building,’’ Science, 70, 
1929, p. 440. 

87 B. Cassen, ‘‘On the Symmetry of Protonic Wave Functions,’’ Nat. 
Acad. Sci., Proc., 15, 1929, p. 31. 

88 H. G. J. Moseley, ‘‘The High Frequency Spectra of the Elements,’’ 
Part II, Phil. Mag., 6, 27, 1914, p. 713. 

39 cf. W. D. Harkins, op. cit., p. 442. 

40 F. H. Loring, Atomic Theories, 1923, p. 94. 
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from hydrogen,** such organization need not exhibit ordinary 
macroscopic spatial relationships. 

(43.254). The gross differentiation of atoms into central, 
intermediate, and peripheral portions is familiar from the Ruth- 
erford-Bohr theory, which raises the question of the “‘solar 
system atom.’’ According to this theory, the electrons revolve 
in orbits at distances relatively comparable to those of astro- 
nomical bodies in the solar system.*2 The newer theories of 
Heisenberg and Schrodinger ** do not offer a model, and it is 
difficult to assign their atoms any structures other than those 
of a mathematical matrix, or a singularity in a group of waves. 
But radioactivity and spectroscopy seem to some to require a 
definite structure, in comparison with which the matrix- and 
wave-mechanies are generalizations in work on other problems. 
Heisenberg, with some qualifications, uses the terms ‘‘nucleus’’ 
and ‘‘orbital radius,’’ but under ordinary conditions he is un- 
able to assign to an electron a special position in space at a special 
instant of time; hence, so far as his observations are con- 
cerned, an electron orbit does not exist.44 Obviously a ‘‘solar 
system atom’’ would help an epitomization hypothesis in a pic- 
torial way ; so, for instance, would J. J. Thomson’s early model,* 
which pictured the structure of the atom as like that of a cell. 
But pictorial resemblance is not essential to our hypothesis; 
even mathematical formulae themselves, when taken in their own 
realm, may exhibit essential monadic characteristics (see, ¢.g., 
23.254). 

In their (43.2541) central regions, the (48.25411) simplest 
atoms show comparatively little differentiation; the proton in 
hydrogen is not so different from the electron as a more struc- 
tured nucleus is. Recent work on stellar energies *® shows that 
(43.25412) the nucleus of an atom is most essential; the indi- 
viduation of the atom depends on it. The nucleus typically 
(43.25413) contains a slightly variable number of protons and 

41 A. §. Eddington, Internal Constitution of the Stars, p. 301. 

42.0. Lodge, Atoms and Rays, pp. 13f. 

48 On these theories, see B. Russell, The Analysis of Matter, pp. 42ff. 

44.W. Heisenberg, ‘‘Uber die Spektra von Atomsystemen mit 2 Elek- 
tronen,’’ Zeitschrift fiir Physik, 39, 1926, pp. 500f.; H. S. Allen, ‘‘New 
Quantum Theories,’’ Nature, 119, 1927, p. 78. 


45 J. J. Thomson, ‘‘On the Structure of the Atom,’’ Phil. Mag., 6, 7, 
1904, p. 255. 


46 cf. A. S. Eddington, Internal Constitution of the Stars, p. 23. 
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electrons, the excess of the former affording the atomic number 
of the element.** Aston uses the ‘‘mass number,”’ i.e., the num- 
ber of pairs of protons and electrons contained in the atom.*’ 
The mass number reflects peripheral as well as nuclear condi- 
tions; if the heavy atoms are composed of atoms of hydrogen 
the mass number is a function of the number of such constituent 
atoms, whether these constituents are split into protons and 
electrons or not. The mass number may also be a function of 
the number of (43.25414) constituent atoms of helium, and thus 
afford a parallel to the chromosome number in cells. On the 
Rutherford-Bohr theory, the nucleus may consist of inner and 
outer portions, each containing protons, helium, ete.*® Outside 
the heavier nuclei are (43.2542) electrons of the intermediate 
regions, characterized, according to the radiations which come 
from them, as ‘‘K,’’ ‘‘L,’’ and ‘‘M.’’ The deeper electrons 
“*K,’’ and possibly ‘‘J,’’ 4 are (48.25421) hardest to dislodge. 
The electrons (43.25422) apparently occupy various energy 
levels (see 43.25522). The (43.2543) outmost region of the atom 
contains the valence electrons,®° of great importance in interac- 
tions (see 43.2553), but capable of (43.25431) being acquired 
or lost without essentially modifying the helium content of the 
nucleus. 

(43.255). Differentiations of atomic structure are correlated 
with what may be called specializations of function. Thus 
(43.2551) the nucleus, with its preponderant mass, must be in 
general the determining factor in physical if not chemical inter- 
actions.*+ In the nucleus, radioactivity, with its possible bearing 
on reproduction, begins. The functions of (43.2552) the inter- 
mediate regions appear to be, first, (43.25521) transmission of 
radiations and electrons toward the nucleus in absorption and 
from it in emission. There is also a (48.25522) conservation ; 
the arrangement of electrons in energy levels prevents any too 
rapid absorption or emission of energy from dissipating the 
substance of the atom.>? The theory of Bragg (see 42.442) or 

47 cf. F. W. Aston, ‘‘The Mass Spectra of Chemical Elements,’’ Phil. 
Mag., 6, 49, 1925, p. 1199. 

48. Rutherford, ‘‘The Structure of the Radioactive Atom and the 
Origin of the X-rays,’’ Phil. Mag., 7, 4, 1927, pp. 5847f, 603. 

49 F, Soddy, The Interpretation of Radiwm, 1920, p. 238; cf. O. Lodge, 
Atoms and Rays, pp. 145f. 

50 On the number, see J. A. Cranston, op. cit., pp. 150, 175. 


5icf. F. Soddy, The Interpretation of Radium, 1922, p. 220. 
52 cf. N. Bohr, The Theory of Spectra and Atomic Constitution, p. 9. 
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of Haas ** may indicate (43.25523) synthetic processes, whereby 
electrons or protons are built up in the intermediate regions. 
The intermediate regions must (48.25524) undergo some changes 
as a result of atomic interactions. The (43.2553) peripheral 
electrons function as valence electrons in the interactions of 
the atom with other atoms (see 43.231394) ; they are important 
even in determining the constitution and properties of astro- 
nomical bodies. Statistical theories of quanta and wave-me- 
chanics (48.2554) do not attempt detailed precision in correlat- 
ing atomic structures and processes. 

(43.26). ‘‘Of the atom,’’ says Lloyd Morgan, ‘‘no less than 
the organism it may be said that changes therein are so regulated 
and balanced as to maintain its integrity.’’°* Sometimes the 
regulation appears to be (48.261) mutual, as when the usual 
electrostatic attraction maintains the stability of the electronic 
system, corresponding roughly to the force of gravity in the 
system of the sun and the earth.» Mutual regulation perhaps 
occurs in the interrelations of the physical constants, c, h, and 
e; Jeans, for example, thinks that quantum atomicity is related 
to the atomicity of electric charges in atoms.°® In the matrix 
dynamies ‘‘the quantum solutions are all interlocked and must 
be considered as a single whole’’; °’ in fact, the matrix mechanics 
is even more ‘‘organic’’ than the older quantum theory. Other 
processes suggest (43.262) referential regulation—for instance, 
Lodge thinks that the separation of electrons and protons opens 
out the magnetic loops of the atom,®® and Bohr regards coupling 
between the various groups of electrons as an essential feature 
in the interpretation of the stability of the atom.*® Examples 
of (48.263) external regulation are afforded by deformations 
of atoms under external conditions of magnetization, tempera- 
ture, ete. 

(43.27). Augmentation or depletion of atoms occurs when 
the energy of the electron required to excite an X-ray of definite 
frequency is greater than the corresponding energy carried off 

53 See Nature, 119, 1927, p. 296. 

54C. Lloyd Morgan, Life, Mind, and Spirit, 1925, pp. 89f. 

55 EK. EH. Free, ‘‘Bohr’s Model of the Atom,’’ Industrial and Engineering 
Chemistry, 16, 1924, pp. 192f. 

56 J. H. Jeans, Atomicity and Quanta, p. 48. 

57P, A. M. Dirac, ‘‘The Fundamental Equations of Quantum Mechan- 
ics,’’ Roy. Soc. Lond. Proc., A, 109, 1925, p. 643. 

58 Q. Lodge, Ether and Reality, p. 115. 

59 N. Bohr, ‘‘ Atomic Structure,’’ Nature, 108, 1921, p. 208. 
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in the X-ray ; ®° in beta radioactive changes, where there is emis- 
sion of a nuclear electron with corresponding gain of 1 in the 
atomic number until neutralization is effected by adding another 
electron; and in the absorption *4 and emission of alpha-particles 
by heavy nuclei. According to Bohr’s ‘‘correspondence prin- 
ciple,’’ the classical laws are (43.271) the limit toward which 
the quantum laws tend when states of very high quantum num- 
ber are concerned. If atoms of one element in the course of 
their interactions, by additions or losses of protons, ete., in- 
erease their atomic number and become atoms of other elements, 
they tend toward a kind of limit fixed by conditions in the milieu 
and the presence of other atoms and indicated by an atom of 
rare gag at the end of a (succeeding or preceding) row of the 
periodic table, although such a ‘‘limit’’ may be passed through 
as a kind of node. Conditions with respect to energy levels 
determine whether the outmost electrons will be retained or not, 
and so tend to fix limits for the size of an atom. In Schrod- 
inger’s wave-mechanics, a limit is implied in the use of differen- 
tial equations, to which under certain conditions the Heisenberg 
matrix mechanics may perhaps be reduced.” 

(43.30). To account for the myriads of atoms it is easier to 
assume (43.31) repeated production than to find evidence of 
(43.32) reproduction ; it may be, however, that former conditions 
were different from present conditions. Any (48.32113) parallel 
for mitosis can be only partial; still, Harkins says that if half an 
alpha-particle, or helium nucleus, exists, the explanation of some 
of the relations would be simplified.*? In an alpha-radiation, 
a radioactive atom (43.3212) emits a helium nucleus; in an ex- 
ceedingly long time, the helium nucleus may serve as a basis 
for a new heavy atom. If a heavy atom could break up into its 
constituent hydrogen atoms or protons, we might have ?? 
(43.3213) a parallel of spore-formation. 

2? (48.83). There is no evidence of reproduction by the co- 
operation of two ‘‘parent’’ atoms, although Gifford remarks that 
with the exception of the radioactive elements, atoms radiate 

60 EH. Rutherford, ‘‘ Radiation from Exploding Atoms,’’ Nature, 95, 1915, 

. 497, 
P 61 A. §. Eddington, Nature of the Physical World, p. 195. 
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energy only when disturbed by encounters with other atoms, and 
asks ‘‘Does it not seem likely that throughout the whole universe 
of worlds within worlds . . . encounter is the life principle?’’ ®* 
But bi-parental reproduction seems to be more characteristic of 
astronomical bodies (see 44.33). 

(43.34). Persistence of repeated productions (see 42.442) 
seems somewhat more likely than of reproductions. 

(43.35). In Aston’s studies of isotopes, with account taken 
of (48.351) degree of resemblance as well as (43.352) minor 
variations, a basis of (43.353) classification and statistical treat- 
ment is afforded. Resemblances and differences are (43.354) 
traced to constituent monads—for example, electrons in various 
energy levels. 

(43.36). The serial arrangement of atoms in (43.361) the 
order of increasing atomic number, beginning with hydrogen, 
includes (43.8622) atoms of different degrees of complexity. 
The various radioactive series may have to do with (43.3624) 
different ‘‘generations.’’ The series in the order of atomic 
numbers is with a possible exception known to be (43.3631) 
determined as far as uranium; but Jeans thinks that it may 
extend further.® 

(43.37). Periodic relationships of the atoms are familiar; 
they appear after the atoms have become constituents of astro- 
nomical bodies. They are not as simple as the older eight- 
columned forms of the periodic table seemed to indicate; the 
numbers of atoms in the successive pairs of short and long rows, 
where each of the rows begins with a rare gas and, if long, con- 
tains one or more anomalous groups, are 2 X 17; 2 X 27, 2 & 2?; 
2x 82, 2 3?; 2 42; and an incomplete row from radium 
emanation to uranium. 

(43.88). Since there is uncertainty regarding atomic repro- 
ductions, the transfers and associations which may accompany 
such processes can not be made out clearly. The whole subject 
ean best be examined in connection with processes of repro- 
duction of astronomical bodies (see 44.38). 

(43.41). Disintegration of atoms is familiar in radioactivity, 

64 A. C. Gifford, ‘‘ Celestial Collisions,’’ Scientia, 41, 1927, p. 4. 

65 J. H. Jeans, ‘‘Stellar Opacity and the Atomic Weight of Stellar Mat- 
ter,’’? Roy. Astr. Soc., Monthly Notices, 86, 1926, pp. 56177. 

66 cf. F. H. Loring, Atomic Theories, 1923, pp. 92f. On the quantum 
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although, as sometimes in disintegration of cells, the process (see 
43.3212) may be important for reproduction. Eddington thinks 
that (43.411) at least some of the atomic nuclei in stars are self- 
destroying.®’ Disintegration is hastened by (43.412) atomic 
collisions. Probably atoms dissipate themselves into radiations 
or ?? (48.413) the milieu. 

(43.42). Atoms are doubtless aggregated into vast nebulous 
clouds, more highly diffuse than any observed astronomical bod- 
ies. Eddington thinks that certain stellar spectra indicate vast 
calcium clouds in space and that the amount of matter diffused 
through space is likely to be comparable with the mass of the 
stars.°° ree atoms are estimated to average one per cubic inch 
throughout space. In the midst of such nebulous aggregates, 
and often hard to distinguish from them, the first monads of the 
next level seem to have been formed. 

(43.43). It is most natural for us to think of atoms as in- 
tegrating into molecules. Such a process may, as Lloyd Morgan 
holds,’ be an example of emergent evolution; but it is not an 
example of integration into a monad of a new level unless the 
molecule in free space is a minute astronomical body. The mark 
of a molecule is not comparative complexity, for many atoms are 
more complex than molecules, for example, of hydrogen. <A 
molecule is formed when atoms combine, but it is hard to say 
how H, as a molecule (see 44.1311) differs structurally from H,, 
which is possibly an isotope of the helium atom. Reid erly 
(43.431) the dyadic relationship of electropositive and electro- 
negative atoms is important. 

Atoms may integrate into astronomical bodies incomparably 
vaster than molecules. Eddington says that we naturally as- 
sume that the diffuse nebulae known to astronomers are local 
condensations of a vast cloud of interstellar matter, which, how- 
ever, need not be thought of as extending beyond the borders of 
our galaxy,” but Jeans pictures the great spiral nebulae as aris- 
ing in the midst of a uniform tenuous gas at least hundreds of 
millions of light-years in diameter.’ Such a condensation may 

67 A. S. Eddington, Internal Constitution of the Stars, p. 306. 

68 ¢bid., pp. 318, 377-8. 

69 R, A. Millikan and G. H. Cameron, ‘‘New Researches on Cosmie 
Rays,’’ Nature, 121, January 7, 1928, Supplement, p. 25. 

70 cf. C. Lloyd Morgan, Emergent Evolution, Daeul: 
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serve as an example of the formation of a monad of the new level 
of astronomical bodies. If cohesion,’*® and still more if gravita- 
tion ™4 is in any sense traceable to residual valences or attractions 
of electropositive and electronegative atoms, the dyadic relation- 
ship is important also in this type of segregation. Eddington 
says that condensations will occur if they can because (43.432) 
they diminish the potential energy.” 

(43.44). Constituent atoms often (43.441) retain prominence 
in the new monads, as the data of spectroscopy and chemistry 
show. The question whether (43.442) atoms are produced by 
differentiation within astronomical bodies is, as noted (see 
43.18312), a matter of debate, but there are some indications 
that it may take place in diffuse nebulae. 

78 O. Lodge, The Ether of Space, p. 155. 

74 cf. J. J. Thomson, ‘‘ Matter,’’ Hncyc. Brit.,11 Vol. 17, p. 894. 


75 A. §. Eddington, ‘‘ Diffuse Matter in Interstellar Space,’’ Roy. Soc. 
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CHAPTER V 


ASTRONOMICAL BopIEs 


“The molecule becomes a particle of the universe on a microscopic 
scale—a microcosmos which lives the same life.” 


P. Kropotkin, Nineteenth Century, 34, 1893, p. 252. 


“The history of a star presents an analogy with the life of an indi- 

vidual animal.” 
G. H. Darwin, British Association for the Advancement of Science, 
Report, 1905, p. 30. 


(44.00). The term ‘‘astronomical bodies’’ includes molecules 
in free space, meteors, planetary nebulae, stars, planets, comets, 
and satellites, all of which exhibit monadie characteristics. For 
the sake of parallelisms with other realms, it may be added that 
the planets may be uninhabited or inhabited bodies, and in the 
latter civilizations may or may not have developed. 

(44.10). Individuation is (44.11) relative to (44.111) the 
milieu of aether or space-time, to (44.112) free electrons or 
atoms, and to (44.113) other astronomical bodies. The chief 
(44.1181) dyadic relationship appears to be the difference of 
velocity, according to which one body is slower and another 
swifter. Jeans says that on the whole the heaviest stars move 
most slowly and the lightest most rapidly, but he holds that the 
stars of the galaxy are of approximately the same age. There 
have been suggestions of a possible correlation between velocities. 
and ages.? Differences of direction may, in mechanics, be con- 
strued in terms of acceleration.? Central bodies of a system 
move more slowly than peripheral bodies, relatively to a given 
frame. 

(44.12). Astronomical bodies, formed by integration from 
atoms or by differentiation within solar systems or spiral nebu- 
lae,* are in their individuation convergent. 

1J. H. Jeans, The Universe Around Us, 1929, pp. 155, 302. 

2cf. H. N. Russell, Nature, 93, 1914, p. 286; A. S. Eddington, Nature 
of the Physical World, p. 59. 


3L. Bolton, An Introduction to the Theory of Relatwity, 1923, p. 32. 
4J. H. Jeans, Nature, 119, 1927, p. 315. 
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(44.13). Astronomical bodies exhibit widely different degrees 
of complexity of organization. The (44.131) simple forms are 
molecules in free space, with the (44.1811) simplest, if not a 
monatomic molecule, then the diatomic molecule of hydrogen, 
which is lighter than many heavy atoms. Eddington thinks it 
unlikely that any molecules are formed by ?? (44.13111) inte- 
gration in interstellar space, since the atoms there are ionized 
and the positive charges tend to repel one another when they 
meet,° but such molecules are (44.138112) differentiated within 
nebulae or stars. Many (44.1812) larger molecules made up of 
hydrogen atoms or of heavier atoms composed of hydrogen may 
be constituted of atomic nuclei, with electrons surrounding the 
nuclei® or held in common by them.? Not every molecule dif- 
ferentiated within an astronomical body is a monad exhibiting 
all the monadie characteristics. Countless molecules in the sun 
or earth, for example, are subordinate parts differentiated within 
the true monads of this level. Crystals, too, are often mistakenly 
accorded the status of a level. Molecules and crystals exhibit a 
certain degree of individuation, clear cases of interaction, and 
even of reproduction. But they do not by integration produce 
new monads of later levels which then at those levels exhibit the 
monadic characteristics, except in cases where some groups of 
atoms—t.e., condensations in nebulae,® or ‘‘planetary knots ’’ ?° 
—concerned in processes of reproduction (see 44.25382, 44.8212, 
44.3336) get free from the astronomical bodies in which they 
were formed and begin their careers as new astronomical bodies. 
Astronomical bodies of (44.1813) larger and looser organization 
are seen in planetary or ring nebulae; the latter have central 
stars detached from the surrounding envelope.1t They may be 
formed by (44.13131) integration of atoms or meteors or by 
(44.13182) differentiation within diffuse nebulae. Any astro- 
nomical bodies may be (44.182) compounded in local aggregates. 


5 A. 8. Eddington, Internal Constitution of the Stars, p. 386. 

6 See J. J. Thomson, The Electron In Chemistry, 1923, pp. 30/7; also K. 
Fajans, Science, 72, 1930, pp. 1037. 

tcf. G. N. Lewis, Valence and the Structure of Atoms and Molecules, 
Chap. 6. 

8e.g., C. Lloyd Morgan, Emergent Evolution, p. 12. 

9J. H. Jeans, in collective work, Evolution in the Light of Modern 
Knowledge, 1925, p. 23. 

10 T. C. Chamberlin, Origin of the Earth, 1916, pp. 132ff. 

11H. Shapley, Flights from Chaos, 1930, p. 83. 
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(44.183). Complex organizations, formed probably not so 
much by (44.13311) integration as by (44.18312) differentiation, 
include meteor-like formations and condensations or ‘‘knots’’ 
within nebulae, which may themselves be integrated into 
(44.1338) highly complex stars. Planets, comets, satellites, and 
many stars are formed from such stars by reproduction (see 
44.32, 44.33). 

(44.14). The relative individuation of astronomical bodies is 
maintained or modified by other monadic characteristics. 

(44.20). The interactions of astronomical bodies are far too 
complex for complete analysis, as the ‘‘problem of three bod- 
ies,’’?* for example, shows. Our treatment must be confined to 
features typical of these monads, with occasional mention of 
differences between the interactions of free molecules, nebulae, 
stars, planets, ete. In interactions the central portions or 
regions are primarily concerned, acquiring or losing peripheral 
elements. Differences of direction, as well as relationships to 
other monads, show that interactions are selective. 

(44.21). Astronomical bodies exhibit appropriations. Of the 
(44.211) incorporative, those with (44.2111) portions of the 
milieu are best discussed in combinations with rejections (see 
44.23). Incorporative appropriations of (44.2112) prior mon- 
ads are illustrated by absorption of radiations, electrons, and 
atoms. Campbell thinks that nebulous masses of matter prob- 
ably obseure the light from faint stars.12 The absorption of 
radiation by stars is ordinarily negligible compared to their 
emission; but in the very numerous dark stars it must be more 
significant. That planets absorb light is evident enough. That 
nebulae, stars, and planets absorb electrons and atoms is difficult. 
to show, except in the case of the earth, but there need be no 
doubt that such processes occur. The (44.2113) appropriation 
of cognate monads is illustrated by the ‘‘infall’’ of molecules of 
cosmic dust, meteors, and planetesimals. Arrhenius has pic- 
tured nebulae as selectively absorbing cosmic dust and meteors.** 
MacMillan says that ‘‘as the sun travels through space it must 
pick up atoms and molecules and an occasional solid frag- 

12 cf. A. E. H. Love, Theoretical Mechanics, 1906, p. 183. 

13 W. W. Campbell, ‘‘ The Nebulae,’’ Science, 45, 1917, p. 524. 


148, Arrhenius, Worlds in the Making, transl. H. Borns, 1908, pp. 173f., 
209. 
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ment’’; 25 but Eddington thinks that the amount of diffuse mat- 
ter which the stars receive from space is much less than their 
loss of mass in the emission of radiation.1* In Chamberlin’s 
theory of the origin of planets, planetesimals were ‘‘the food on 
which the planetary knots fed.’’*7 Some of the (44.212) non- 
incorporative appropriations are frequently interpreted as at- 
tractions, of which gravitation is the best known example; but 
on the relativity theory this becomes a relationship with 
(44.2121) the milieu of space-time, as well as with other mon- 
ads.18 The (44.2122) non-incorporative appropriation of prior 
monads is illustrated by the deflection of a light-ray near the 
sun.?® Similarly, (44.2123) non-incorporative appropriations of 
cognate monads would be illustrated by the capture of a comet; 
perhaps the varying inclinations of cometary orbits indicates 
that some of these bodies originate outside our solar system.?° 
Another example is Jupiter’s pulling the anes out of their 
regular orbits.?+ 
(44.22). Concerning rejection, (44.220) the Bee remarks 

made in considering atoms apply. The appearance of ‘‘novae’’ 
among the stars is often ascribed to stellar catastrophes; ?? thus, 
some of a star’s appropriations (44.2206) lead to rejections and 
disintegration. Nebulae (44.2212) emit light; stars generate 
and emit more radiation than they currently absorb, and far 
more than planets. Huntington thinks that electric discharges 
from the sun affect the earth’s climate.?* According to Edding- 
ton, matter may escape from stars by radioactive emissions, by 
radiation pressure, or by ordinary loss of high speed molecules.** 
Swann says that negative electricity is streaming away from the 

15 W. D. MacMillan, ‘‘The Structure of the Universe,’’ Science, 52, 1920, 
Sl GP 
: 16 A. §. Eddington, ‘‘The Source of Stellar Energy,’’ Nature, 117, May 
1, 1926, Supplement, p. 27. 

17'T. C. Chamberlin, op. cit., pp. 77, 141. 

18 See A. Einstein, in H. A. Lorentz and others, The Principle of Rela- 
tivity, p. 120. 

19 A, Hinstein, in ibid., pp. 107/. 

20 cf. F. R. Moulton, Introduction to Astronomy, 1922, pp. 313f., 320. 


21H. N. Russell, ‘‘ The Romantic Search for Pocket Planets,’’ Scientific 
American, 136, 1927, p. 9. 

22H. N. Russell, ‘‘ Nova Pictoris, A Temporary Star,’’ Scientific Ameri- 
can, 133, 1925, p. 304. 

23 H. Huntington, ‘‘The New Astrology,’’ Century Magazine, 110, 1925, 
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earth.2> According to Chamberlin, a planet may be too light to 
retain molecules which escape from its outer atmosphere.*® 
Perhaps some meteors, under special conditions of vulcanism or 
disruption, (44.2218) have been ejected from astronomical bod- 
ies.27 A (44.2222) non-incorporative rejection of prior monads 
occurs in the reflection of light from a planet, and a similar re- 
jection of (44.2223) cognate monads in ‘‘repulsions.’’ 

(44.23). The debate in connection with the Michelson-Morley 
experiment, between the advocates of an ‘‘aether-wind’’ passing 
through the earth and an ‘‘aether-drag’’ or ‘‘aether-drift’’ (see 
41.111), is between a theory of (44.28117) an incorporative and 
(44.23217) a non-incorporative combination of appropriation 
and rejection of the milieu. In other combinations, the earth, 
for example, (44.23121) absorbs similar radiations, (44.23122) 
loses similar hydrogen atoms, (44.23123) absorbs radiations and 
reflects them, (44.23124) absorbs both radiations and atoms, 
(44.23125) reflects radiations and loses electrons, (44.23126) 
absorbs radiations and loses electrons, and (44.23127) absorbs 
and loses radiations, electrons, etc., as accompaniments of its 
motion of translation or (44.28128) rotation. At the periphery 
of the earth’s atmosphere there are probably (43.23221, etc.) 
non-incorporative combinations. With cognate monads like mol- 
ecules, meteors, etc., one may expect combinations similar to the 
above, as well as some (44.231391) preemptions—for example, 
when one body eclipses another—and (44.231392) conflicts—for 
example, where in a collision or near approach one body appro- 
priates part of another. Two bodies in a line may (44.231893) 
reinforce each other. Two components of a binary must 
(44.231394) exchange light-waves, but there seems to be no evi- 
dence of an interchange whereby an appropriating body be- 
comes appropriated and vice versa. 

Combinations of (44.2321) non-incorporative appropriations 
and rejections of the milieu occur in motions of astronomical 
bodies. The inertia of a body, referred to in the first law of 
motion, involves (44.23211) combinations of similar appropria- 
tions and (44.23212) rejections, or (44.23217) progressive com- 
binations of both. Changes in motion due to the operation of 
external forces may be interpreted as (44.23214) combinations 

25 W. F. G. Swann, Sci. Mo., 21, 1925, p. 95. 


26 T'. C. Chamberlin, Origin of the Earth, pp. 13f., 142. 
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of different appropriations, ete. Processes which are commonly 
said to be (44.23218) reversible are subject to loss by friction, 
and so may be regarded as (44.23216) combinations of different 
appropriations and rejections. The motion of an astronomical 
body may be (44.23217) translational or (44.23218) oscillatory. 
Conditions of stress between two bodies,”* friction between two 
bodies, and action and reaction, since they need not be contem- 
porary,”° illustrate (44.232394) interchange of non-incorporative 
interactions. Incorporative and non-incorporative interactions 
are often (44.233) combined. 

(44.24). Constituent monads iyighint astronomical bodies per- 
sist in many characteristic interactions. According to H. N. 
Russell, the luminosity of a gaseous nebula is probably due to 
the excitation of individual atoms by (44.2412) aethereal or 
corpuscular radiation emanating from the neighboring stars.*° 
Light from atoms in outer layers of the stars has revealed the 
ionization of some of their atoms.*t Within the earth, the per- 
sistent incorporative interactions of waves, electrons, and atoms, 
together with differentiated (44.2413) molecules and, under spe- 
cial conditions, baryspheric molecules and crystals, give us much 
of the data of terrestrial physics and chemistry, from which we 
infer the characteristics of atoms, etc., in the ‘‘free’’ state. In- 
teractions of constituent monads help to make possible ‘‘micro- 
scopic’’ as contrasted with ‘‘macroscopic’’ formulae. Examples 
of (44.242) non-incorporative interactions with (44.2421) the 
milieu may be seen in the use of coordinates and vectors (see 
33.263). Interactions with (44.2422) prior or even (44.2423) 
cognate monads are involved in measurements of astronomical 
bodies and their parts. In a nebula there must be some 
(44.24217) transmission of radiation from atom to atom, and 
the atoms themselves must be in continual motion. Jeans thinks 
that in a star transfers of energy are for the most part not ef- 
fected by convection currents but by radiations from atom to 
atom.** Sunspots and solar prominences, however, doubtless in- 
volve motions of constituent electrons, atoms, and molecules.** 

28 A. N. Whitehead, Principles of Natural Knowledge, p. 28. 

29 cf. C. D. Broad, Scientific Thought, p. 172. 
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Motions of constituent monads in the earth afford data of ter- 
restrial dynamics, mechanics, dynamic geology, and meteorology. 
The precipitation of dust in the atmosphere may be gradual, 
according to conditions at various areas of pressure, thus afford- 
ing an analogy for the falling of electrons in atoms according to 
the quantum principle. The massive geological processes of 
drainage, erosion, rock flow,** diastrophism,* ete., are movements 
of differentiated portions of the earth, and in turn can be ana- 
lyzed into processes characteristic of their constituents. Some 
persistent processes exhibit (44.24218, 44.24228) periodicities. 
Stars exhibit some alternations of growth and depletion of 
atoms.*® Sunspots are known to occur at quite regular inter- 
vals.*7 Some of the periodic processes belong in complicated 
eycles. Eddington says that a portion of the radiation from 
the interior of a star may thread the mazes of the stellar atoms 
for hundreds of years before finding the way out; he speaks also 
of the stirring of a star by circulatory currents caused by its 
rotation.** According to Davison, earthquakes occur in periods 
of 11, 19, 22, and 33 years.*® According to Huntington and 
Cushing, there are irregular climatic cycles of every grade from 
those of about three years through those of 11, 33, 100 and so on, 
up to the glacial periods.*° 

in the earth there are massive interlocked circulations of 
waters in rivers, ocean currents, tides, evaporation, rainfall and 
drainage, as well as circulations of air in the great winds.“ 
Processes of rotation bring different constituent monads suc- 
cessively and periodically into contact with a given portion of 
the milieu. Eddington, at a loss to indicate reasons for the high 
velocities of rotation in nebulae and stars, has begun to con- 
jecture that magnetic fields may have something to do with it. 
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The sun rotates in a period of about 25 days at the equator.** 
Constituent parts of an astronomical body may (44.242391) pre- 
vent one another’s characteristic interactions, sometimes in sharp 
(44.242392) conflict, as of winds or waters; but there may be 
(44.242393) reinforcements, or (44.242394) exchanges and inter- 
changes. Mutual non-incorporative interactions are important 
for regulation (see 44.261) and may issue in gross effects like 
gravitation. 

(44.25). The wide range of magnitudes of astronomical bod- 
ies is reflected in a wide range of complexity in their structure. 
We may at least theoretically consider a star as (44.251) begin- 
ning its development as a simple molecule or a nebulous mass of 
atoms, the interactions of which (44.252) are progressively en- 
registered in new structures. Mathematical analysis shows that 
with slow rotation (44.2521) the boundary of a rotating mass of 
gas will be spheroidal, with increasing rotation it will be a lens, 
and when the critical velocity is reached there will be a sharply 
defined edge.t4 Effects on (44.2523) central structures are more 
sradual, but appear in the internal constitution of the stars and 
planets. 

(44.258). All astronomical bodies show differentiations as 
regards constituent monads of (44.2531) prior realms; this is 
evident in the importance of geometrical axes, polarizations, ete. 
According to a number of theories, the major differentiations of 
the earth’s lithosphere were due to the deformations of a sphe- 
roid in accordance with geometrical principles. For a com- 
plete account of such structures, the time-factor must be reck- 
oned in. Eddington says that the inside of a star is a hurly-burly 
of (44.2532) aether waves, electrons, and atoms.*® Although 
the emission of radiation from a star is far in excess of its 
current absorption, still the light emitted must be made up of 
(44.25321 *) energies once absorbed by the star or its constitu- 
ents or stored in them by integration. Haas thinks that an 
incandescent gas with a certain mean molecular speed might, in 
accordance with the Compton effect, increase the energy of 
quanta of incident light until the latter is transformed into 
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protons and electrons.*7 In a star, (44.25322*) constituent 
electrons are prominent in ionizations, electric currents, and 
disintegrations which provide stellar energies; the protons are 
less active. Among (44.25323*) constituent atoms, some im- 
portance may be assigned to the helium in the nuclei of the 
heavy atoms; perhaps the heaviest and most distinctive atoms 
in the earth are in the barysphere, and the helium in them may 
help to fix the properties of the earth’s atoms. In an astro- 
nomical body constituent atoms (44.253231*) are more rigidly 
confined than atoms in free space, although many circulate within 
the body. Their form is adapted to the part of the astronomical 
body which they occupy and the function which they exercise. 
In relatively cool stars the atoms (44.253232 *) retain some elec- 
trons and enter into combinations, making a core of the star 
which supports the peripheral layers. In aging stars the atoms, 
with their electrons stripped off, tend to be closely packed.*® In 
the earth atoms are often found in crystal patterns, each atom 
being typically surrounded by others with which it shares its 
electrons.*® An astronomical body may (44.253233*) contain 
different strata or groups of atoms, such as those found in 
gaseous, liquid, and solid ‘‘states of matter.’’ The irregular 
and planetary nebulae are presumably gaseous, and a gaseous 
envelope surrounds the sun and any planet heavy enough to 
retain it. Jeans thinks that the central portions of the stars are 
liquid ; *° liquids are of course important features of the earth’s 
circulatory system. The earth’s lithosphere is divided into 
unstratified or igneous rocks, in which crystals are common, and 
which afford rigidity for the planet; stratified or aqueous rocks, 
which often contain fossil remains belonging to the biotic realm; 
and intermediate or metamorphic rocks. 

Astronomical bodies often contain (44.2533) cognate monads. 
In the sun there are (44.25331) some molecules; more extensive 
differentiations occur in the earth, where are found polymers,” 
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large ions,®? molecular crystals,5* homogeneous phases,°* and 
liquid erystals,°> as well as the more familiar ‘‘molar masses.”’ 
When astronomical bodies contain large cognate monads, like 
meteors, the latter are usually pulverized, except where 
(44.25332) certain cognate monads (see 44.1312) are differen- 
tiated within a ‘‘parent’’ astronomical body for the production 
of a new astronomical body, as in a nebular knot. These knots 
are developed within a nebula. Planetary knots, later, are 
(44,253321) developed by the cooperation of two parent stars 
(see 44.33), and all knots correspond more or less successively 
to the degrees of complexity of organization noted above. Where 
such condensations are retained within the parent nebula, 
(44.253322) the latter supplies a considerable portion of the 
environment. Eddington has emphasized the part which opac- 
ity, in connection with density, plays in the development of a 
star.°° A star forming in a nebula (44.253323) exhibits differ- 
entiations into central and peripheral portions, the development 
of which conforms to the conditions within the nebula. Accord- 
ing to Eddington, (44.253324) an important phase is reached 
when the density becomes great enough to intercept and scatter 
penetrating radiation from subatomic processes and so secure 
an additional supply of heat,°’ deriving energy from the ex- 
plosion of its own stores. H. N. Russell says that when the 
central temperature reaches some critical value, the degradation 
of some form of matter begins and a star is born.®® After the 
star begins its individuated development, there may be a period 
of growth within the nebula, but the tendency will be for the 
surrounding nebula gradually to disappear. If planets originate 
in condensations within nebulae, similar differentiations may 
occur; but in the planetesimal theory the material for planetary 
knots is said to have been torn from the sun by a passing star,°® 
and (44.253325) the further development of the knots takes 
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place in interstellar space. In either case, (44.253326) planets 
are probably more elaborately differentiated than stars. Early 
in planetary development the (44.253327) materials of the plane- 
tary core are segregated. According to Chamberlin, as the 
earth-knot collected planetesimals, compression toward the cen- 
ter produced molecular reorganization. This was aided by 
(44.253328) heat from outside, partitioned into three portions, 
—one forming new heat-absorbing solid compounds; another, 
taking the latent form, producing liquefaction of rocks; and a 
third changing the temperature or being radiated away.°° By 
progressive supersaturation and precipitation the core began to 
solidify,®: (44.253329) the lighter fragments being forced by 
compression out through the heavier,®? so that basic and metallic 
elements congregated toward the center,®* while lighter stony 
material was squeezed outward relatively to a network of heavier 
material.** The mineral ores were deposited, according to Em- 
mons, in more or less regular order, the reverse of that of their 
solubilities.°° Meanwhile rotational stress at the poles was eased 
by the formation of fissure tracts and segments, affording an 
*‘embryonie framework’’ which roughly marks off the continents 
and oceans. After the atmosphere began to form, the primitive 
water began to condense and gather in the hollows of the litho- 
sphere.*®* 

(44.2534). Within the earth occurs the differentiation of 
monads of the biotic realm, although the dependence of the 
organisms on solar radiations makes the biotic realm essentially 
a differentiation within the solar system (see 45.2534). Biologi- 
eal structures are of some geological importance. 

(44.254). We have noted that molecules may be composed 
of central and peripheral portions (see 44.1312). The gross 
differentiations of large astronomical bodies are familiar; we 
mention a few points important for parallelisms with other 
realms. The (44.2541) central portions of stars may be gaseous 
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or liquid,®® but that of the earth is now supposed to be a rigid 
barysphere composed largely of iron and nickel.®** If conditions 
at the formation of a planet, after the dyamic encounter of the 
parent stars, are such that molecules are shattered and reor- 
ganized, statistically each molecule of iron in the new barysphere 
would be composed of two atoms, in some cases from the same 
parent body, paralleling autogamy, but in other cases from dif- 
ferent bodies, paralleling syngamy. Such a bi-parental organi- 
zation might even characterize the nuclear protons of ordinary 
atoms; some pairing of protons may accompany the pairings of 
electrons (see 43.25322, 44.3822). As (44.2542) intermediate 
regions, the photosphere of the sun and some portions of the 
lithosphere and hydrosphere of the earth may be mentioned. 
The ocean bed may be formed by processes of infolding of the 
lithosphere and condensation from the atmosphere. Eddington 
thinks that in a large star the heaviest atoms, having high ab- 
sorption coefficients and being objects of high radiation pressure, 
might be driven along with hydrogen and helium to the 
(44.2543) surface; and the cooler surface regions will afford 
opportunity sometimes even for molecules to be formed there.*® 
It is now understood that the spectroscope does not reveal the 
whole composition of the outer layers of a star, but gives indi- 
cations only of those atoms which are in an excited state.** The 
enveloping atmosphere of the earth may be divided into several. 
zones.’° If one counts the earth’s magnetic field, for example, 
among its constituents, its boundaries reach much, farther than 
ordinarily assumed, and are more closely related to the milieu. 
(44.255). These differentiations work out in localizations of 

processes or specializations of function. In a star the (44.2551) 
central regions are evidently conducting and transmitting ; owing 
to their mass, they are probably regulative for the whole star. 
In the earth the baryspheric regions may be involved in the 
earth’s magnetism and in processes of reproduction (see 44.332, 
44.3812). In the stars the (44.2552) intermediate regions con- 
duct radiations. In the earth the lithosphere and hydrosphere 
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show movements of diastrophism. The land surface collects 
water which flows out to the oceans; the pressure of water there 
helps to determine the formation of the rocks. If the water 
seeps through the rocks to the heated area beneath, it forms 
steam, which is a factor in voleanie action and cooperates with 
other agencies in changing temperature and pressure and pro- 
ducing volcanic eruptions and sometimes earthquakes. There 
is a partial analogy for quantized energy levels in atoms, 
since processes in the earth often occur in relationship to 
differences in areas of pressure, strata, ete. In the stars the 
(44.2553) peripheral regions absorb some radiation, but emit 
much more. In the earth the atmosphere serves as a protective 
covering for the inner regions against meteors,” disperses radia- 
tions from the sun, evaporates large amounts of moisture from 
surface waters, and serves as a carrier for both moisture and 
dust from the lithosphere. According to Chamberlin, the su- 
perior accessions of planetesimals are measurably bunched in 
great atmospheric gyrals over the ocean.”* The earth is 
(44.2554) an ‘‘action-system.’’ Meteors and planetesimals are 
for the most part pulverized in the atmosphere. The dust parti- 
cles are then distributed by the wind over sea and land; moisture 
condenses upon them, and they are precipitated as rainfall. The 
land rainfall is drained off into the sea where evaporation occurs; 
the clouds are driven by the wind over the land with new precipi- 
tation, and the cycle is repeated. In the ‘‘action-system,’’ as 
' meteorology shows, predictions based upon studies of isolated 
factors are likely to be erroneous. 

(44.26). Astronomical bodies offer fine examples of (44.261) 
mutual regulation. As a star contracts under gravitational 
pressure, constituent atoms are brought closer together, with 
resultant increase of temperature at the interior.“* As the in- 
terior heats up, peripheral electrons are stripped off from the 
atoms and radiations are set up.*®° But the heat at the center 
makes for expansion, which in its turn lowers the internal tem- 
perature, cuts off any excess supply of heat, generating only 
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enough to replace leakage to the surface,”® and allowing atoms to 
be built up again ready for the ionizations.*°*© Examples of 
(44.262) referential regulation would probably appear in studies 
of stellar ** and planetary cores, although it would be hard to 
separate mutual and referential regulation. In the earth’s 
regulation the living organisms have some part, although it is 
chiefly to register equilibrium conditions rather than to control 
them.77 Examples of (44.263) external regulation are seen in 
gravitation and the ‘‘spacing’’ of planets.7® 

(44.27). The shrinking of a nebula is more often mentioned 
than its growth. Evidently the stars are not growing, but 
maintaining their equilibria by drawing on internal energies 
which are being radiated away, and which must lead eventually 
to cooling and contraction. If, however, the stars originated 
as condensations within nebulae, doubtless augmentation marked 
the early stages.7® The growth of planets from ‘‘ planetary 
knots’’ is an essential feature of Chamberlin’s planetesimal 
theory.°° Growth and depletion take place within (44.271) 
limits, conditioned by the milieu and other astronomical bodies. 
According to Jeans, when a rotating mass of gas reaches its 
eritical velocity, or ‘‘Roche limit,’’ any further increase in 
velocity results in matter being ejected.** Jeans thinks that for 
some reason the transformation of matter into energy is inhi- 
bited somewhat abruptly, so that most stars take a temperature 
within a range from 24,000,000 to 36,000,000 degrees.** The 
‘growth of the earth, according to Chamberlin, seems to have 
been limited by the available supply of planetesimals. 

(44.30). Problems connected with the genesis of astronomi- 
cal bodies show surprising resemblances to problems of biology. 
If stars arise from condensations in nebulae, they may arise by 
(44.31) repeated production, although according to Eddington 
the present stars have not been formed individually by hap- 
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hazard aggregations having no particular time connections with 
one another.**® Perhaps (44.32) nebulae (44.3211, 44.3212) 
split up into stars; Jeans says that the separate stars when set 
free from the parent nebula may be thought of as small-scale 
models of the nebula which gave them birth.’ He thinks it is 
highly probable that close pairs in multiple systems of stars 
have been formed by rotational fission, but that some wide pairs 
have arisen from independent nuclei.8* The moon has some- 
times been thought to have originated in a fission from the 
parent earth,®®> but Chamberlin thinks that the degree of con- 
traction required for such fission involves too great a density.*° 

(44.33). That astronomical bodies reproduce in a bi-parental 
process has been maintained for nebulae by Gifford,®? and for 
‘stars by Lindemann ** and Bickerton.®® Theories of ‘‘grazing 
impacts’’ are doubtful, since the probability of stellar collision 
islow. But recent studies of subatomic energies have lengthened 
the ‘‘life-span’’ attributed to stars and increased the probability 
of occasional (44.331) approaches or dynamic encounters.” 
Chamberlin holds that the planets of our solar system originated 
from tidal actions once set up in the sun by a passing star, which 
drew the projected matter into orbits about the mother body.” 
Since in a near approach one body overtakes the other, the two 
come to be in a dyadic relationship (see 44.1131). Theories of 
(44.3831) various types of such approaches and tidal actions 
could be worked out; for example, a body less massive than a 
star is considered capable of producing a planetary system if 
only it passes close enough to the sun.°? R. H. Rastall says that 
it is conceivable that the disruption of the earth which gave rise 
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to the moon may have been caused by the approach of some 
other body, but the tidal resonance theory is simpler.®* 

2? (44.332). In eases of bi-parental reproduction in the biotic 
realm, there are notable processes of reduction of the number 
of chromosomes in germ-cells (see 54.832, ete.). Nothing of the 
sort is ordinarily suspected in astronomical bodies; but, accord- 
ing to the hypothesis of epitomization, some facts in astronomy 
and chemistry which have no ready explanation may be set in 
parallelism with biological reduction. There is some plausibility 
in an argument that the baryspheric atoms of some astronomical 
bodies pass through a cycle of development which may be said 
to lead up to and then away from a fusion with somewhat similar 
atoms from other astronomical bodies in dynamic encounter with 
them. In the intervals between dynamic encounters there are 
readjustments of the atomic organization in the outer regions 
of the astronomical bodies, and possibly even of the constituent 
helium atoms and protons in the baryspheric nuclei. The argu- 
ment will not be without defects; but whether or not such a 
process occurs in free atoms, or in all astronomical bodies, certain 
facts about the earth are interesting in this connection. 


We are here (44.3321) concerned only with atoms of the earth’s 
barysphere, commonly held to consist of iron or closely related ele- 
ments. Atoms °%* and molecules °* of iron exhibit (44.3322) a certain 
complexity and symmetry of structure, the latter particularly evident 
in ferromagnetic effects which may mark the molecules of iron, ete., 
as different from other molecules. The poles of a magnet suggest the 
mitotic figure of a cell. In atoms, paired electrons of the double 
“rings” (or whatever corresponds to the rings of the convenient pic- 
ture) may, as we said (see 43.25322, 43.32113, 44.2541) indicate some 
pairing relations of the nuclear protons, and might even sometimes be 
traced statistically to contributions from different atoms in the forma- 
tion of the initial planetary knot (see 44.2541). The atoms in a given 
barysphere may (44.3323) be all alike in composition, or may differ 
by as much as one helium nucleus—that is, they may be isotopes. 
This difference of isotopes found in different astronomical bodies like 
the earth, since it may be due to radioactivity, may perhaps be cor- 
related in some manner with differences of age, mass, velocity, ete., 
of those bodies; so that the difference may have some connection, 

93 R. H. Rastall, ‘‘ The Continents and the Origin of the Moon,’’ Nature, 
115, 1925, p. 648. 


94 cf, I, Langmuir, ‘‘The Arrangement of Electrons in Atoms and Mole- 
cules,’? Am. Chem. Soe., Jour., 41, 1, 1919, pp. 8817. 
95 cf. O. W. Richardson, The Electron Theory of Matter, pp. 380ff. 
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albeit obscure, with the dyadic relationship (see 44.1131). When we 
come to ask whether any ??(44.3324) double reduction comparable to 
meiosis is possible here, we find that, although detailed parallelisms 
with other realms would be hard to supply, the atom of uranium, with 
the heaviest known nucleus and atomic weight of 238.5, if it could be 
quartered in tetradie fashion, would yield ??(44.33244) four atoms 
of about the atomic weight of the iron-nickel-cobalt group. If each 
constituent helium atom in uranium were quartered into hydrogen 
atoms, and a fourth of these hydrogen atoms were taken and combined, 
a similar result would be reached. At least three objections to such 
a hypothesis at once arise. First, there is no evidence of such split- 
ting of uranium, or any such combining of hydrogen into iron; sec- 
ond, if there is a double splitting, the intermediate product may be an 
atom of about the place of tin, of atomic weight 119, which is hardly 
worth looking for in this connection; third, it is by no means certain 
that uranium is the heaviest element in the earth, or that the approxi- 
mate numerical ratio between its atomic weight and that of iron is 
anything more than an accidental coincidence. In the face of these 
objections, a double reduction does not seem very likely; still, it may 
be replied that the splitting of an early element containing 160 pro- 
tons and 90 electrons into two nearly but not precisely equal parts 
has been made a supposition to help account for regularities in the 
list of existing nuclei.°® Moreover, apart from radioactivity and atomic 
numbers, we know little concerning possible relationships between the 
atoms or even the ferromagnetic molecules, and there is no reason to 
suppose that atomic evolution has been unilinear or uniformly in the 
order of increasing atomic number. The intermediate product might 
even be the highly important molecule of iron, Fe,; and it might 
be expected that atoms heavier than uranium would, as Jeans main- 
tains, exist, for instance, in the stars, just as germ-cells with different 
chromosome numbers exist in different species of organisms. More- 
over, the atoms of the anomalous groups of the periodic table seem to 
represent processes of reorganization as between atoms to the left with 
smaller rings of electrons and atoms to the right tending to have some 
larger rings.°’ Perhaps other anomalous groups than the iron group 
represent such readjustments in the course of reductions of other 
atoms than uranium. At any rate these may afford a parallelism with 
biological processes of formation, cleavage, and growth of a fertilized 
ege. Further, the processes whereby a plurality of atoms are pro- 
duced may not be so much reproductions, but more often, as the re- 
searches in cosmic rays seem to indicate, a prototype of this in re- 
peated production. If this is the case, merely numerical ratios between 
atomic weights of uranium, iron, and hydrogen which have arisen in- 
dependently of one another might be sufficient for at least a rudimen- 
96 H. A. Barton, Phys. Rev., 2, 35, 1930, pp. 413f. 
97 cf. N. Bohr, ‘‘ Atomic Structure,’’ Nature, 107, 1921, p. 106. 
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tary parallelism with monads of the later biotic realm, where such 
ratios are observed between cells in processes of reproduction and espe- 
cially in tetrad formation. Again, the reduction in the case of atoms 
in astronomical bodies may take place not in any such orderly split- 
ting as in mitosis and meiosis, but in the staccato fashion characteristic 
of radioactivity. Langmuir has noted a certain stability in one form 
of nickel or iron atom which makes atoms above these, in giving up 
electrons, at least tend to revert to them.°* And withal, the fact re- 
mains that at least in the neighborhood of the earth iron is cosmically 
abundant, and is curiously predominant over other metals in mete- 
orites,°® which may be the reproductive material of planets. The 
atoms of iron are (44.33245) atoms in a peculiar state, as is indicated 
by their presence in an anomalous group. Also, if the molecule of iron 
figures at all in a reduction from uranium, then (44.33246) it is not 
obvious why a further reduction to the atomic form of iron should be 
necessary. It is (44.332476) not necessary that all the products of a 
given reduction should help to form new astronomical bodies; most of 
them may be, and doubtless are, disintegrated. Supposing for the sake 
of the argument that it is out of such atoms of helium or hydrogen 
from uranium nuclei that the baryspheric atoms of iron are formed, 
(44.3325) when the results are regarded statistically, one may find 
atoms of iron, etc., which are equal in atomic weight; but one is likely 
also to find isotopie forms of iron, some of which may inelude more 
part or whole helium nuclei, protons, electrons, ete., than others. 

Two atoms of iron or other substance thus prepared may (44.333) 
fuse in a baryspheric molecule which (44.3331) may be regarded as 
an isotope of an atom, or as an astronomical body. Ferromagnetism 
may indicate some unusual (44.3332) correspondence or (44.33324) 
reinforcement between its constituents.1° The baryspherie molecule 
may be (44.3333) composed of similar isotopes or of isotopes of dif- 
fering content as regards a part or the whole of a helium nucleus, and 
may arise from any product of a division (see 44.3813, etc.). The 
heavier of two isotopes (44.3334), we might say, includes as much as 
the lighter, and more. If any process of reduction occurs, there are 
also relationships of exclusion between any given atoms which enter 
into a baryspherice molecule and those which do not. One may imagine 
(44.3335) alternative combinations which under different circumstances 
might have taken place. The formation of a baryspheric molecule is 
only the first step in (44.3336) a long course of development. As re- 
gards a new star (44.3337) the parent nebula eventually ceases to 


98 I, Langmuir, Am. Chem. Soc., Jour., 41, 1, 1919, p. 880. 

99 cf. H. Shapley, ‘‘ Research Notes from the Harvard Observatory,’’ 
Science, 66, 1927, p. 175. 

100 cf. G. C. Foster and A. W. Porter, Elementary Treatise on Electricity 
and Magnetism, 1913, p. 316. 
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have any essential function, and may disintegrate. In the case of a 
new planet the passing star has no further function, but the planets 
continue to depend upon the mother sun unless perhaps they become 
cosmic derelicts. 

(44.334). Wherever it occurs, such a process of reduction and 
chance combination will help to produce variations and also tend pro- 
gressively to fix them, once they are produced. The arrangement might 
thus be said to combine continuity, stability, and variety. 


(44.34). Processes of reproduction in waves, electrons, atoms, 
etc., if they occur at all, possibly persist in some astronomical 
bodies, although there is some doubt about atom-building in stars 
and especially in planets (see 43.13312). 

(44.35). Eddington says that planetary nebulae are (44.351) 
similar to diffuse nebulae in many respects, but are of more regu- 
lar shape, surround a single star, and have much smaller abso- 
lute dimensions. The planetary spectra (44.352) differ among 
themselves quite as much as they differ from those of diffuse 
nebulae.**' Stars are (44.353) classified according to ‘‘spectral 
type,’’ although the spectrum of a star is an index of the star’s 
temperature and density at the surface rather than of its com- 
position. Jeans says that the faintest of known stars emits 
only a 50,000th part of the light of the sun, while the brightest 
emits 300,000 times as much. The smallest star is about 
1/1,000,000 of the size of the sun, but 25,000,000 suns could be 
packed inside Betelgeuse.1°* He thinks there are continuous 
gradations of luminosity, but that the masses of stars vary much 
less.*°* Various classifications of the planets of our solar system 
are possible. 

(44.36). Any serial arrangement of astronomical bodies may — 
be (44.361) taken in more than one direction. A (44.8621) 
series of giant and dwarf stars is made up of spectral types B A 
FGkK M.1% Jeans says that if one arranges the stars in the 
order of their radiations per unit mass, beginning with the most 
energetic, one obtains an approximation to the order of their 
ages, but even if one can arrange them in the order of age, com- 

101 A. S. Eddington, Internal Constitution of the Stars, p. 389. 
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parison of their spectra shows only whether they are becoming 
hotter or colder.t°® Chamberlin has noted that our planetary 
system, embracing about 1,000 bodies, presents a great graded 
series of different sizes and physical states.1°7 

(44.87). According to L. W. Tibyricé, some molecules in the 
earth when arranged in the order of molecular weights, exhibit 
periodicities.1°%° H.N. Russell has worked out a theory according 
to which a star may pass through a given spectral type twice— 
once as a giant with rising temperature and again as a dwarf 
with falling temperature, on its way to become a dark star.’ 
The theory has since been modified,'?® but the debate is more 
important for theories of evolution than epitomization; the 
essential point for the latter is that stars of different masses 
exhibit similar spectra, and thus afford a kind of analogue to 
the periodic table in chemistry. Eddington thinks that as the 
controlling factors of gravity and effective temperature are 
varied, the possible varieties of stellar spectra will form a two- 
fold sequence and will be capable of arrangement in a two dimen- 
sional order.1!1 Percival Lowell once suggested a theory of 
planetary origins in which he compared the planets to atoms of 
the periodic system.” 

(44.38). There are some indications that astronomical bodies 
of different ‘‘generations’’ are related in ways analogous to 
heredity in biology. The data of such processes (44.3801) may 
be merely dynamic, or may be material. According to Jeans, 
differences between binaries are sometimes accounted for by the 
supposition that the less massive star is formed by drawing off 
the lighter outer layers of the other.1t? Chamberlin thinks that 
the great difference in the angular momenta of the sun and the 
planets indicates that the latter retain ‘‘dynamic vestiges’’ of 
the action of the passing star.‘* Such processes must involve 
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(44.3802) retentions in the ‘‘parent’’ astronomical bodies. Hach 
planetary nucleus (44.3803) must have inherited internal motions 
from its solar state and from its ejection, and this must have pro- 
moted (44.3804) cooling and precipitation during the first critical 
stages.17° These effects must have been conditioned by inter- 
actions of baryspheric atoms and molecules, according to their 
structures, and particularly their valence electrons. The proc- 
esses (44.3805) occur in condensations in nebulae; and (44.3806) 
even though primarily operative within individual astronomical 
bodies, must condition and be conditioned by the organization of 
those bodies in later monads. The data are so complex that 
(44.3807) results can not now be accounted for nor predicted 
in detail. In particular, ?? (44.8808) the astronomical bodies 
seem to offer at most only a partial analogue to inheritance of 
species in biology; in Chamberlin’s theory, for example, two 
stars produce not another star, but ‘‘families’’ of planets and 
comets.?78 


Proceeding into some detail for the sake of parallelisms with monads 
of other realms, these relationships of astronomical bodies may he 
(44.381) variously regarded, as (44.3811) relationships between astro- 
nomical bodies in different galaxies, etc, or in different solar sys- 
tems; or (44.3812) as between astronomical bodies, localized in their 
respective baryspheric atoms or molecules. One might perhaps even 
inelude some consideration of the relationships of baryspherie and 
non-baryspheric atoms and molecules in the same astronomical body. 
In processes of reproduction one might also take account of (44.381212) 
differences in baryspheric atoms caused by loss of helium in radio- 
activity. One should also consider (44.3813) the relationships of con- 
stituent helium nuclei—especially, if atoms divide, ??(44.38131) rela- 
tionships between helium atoms in a given heavy nucleus or between 
helium in different heavy nuclei. There is a possibility (see 43.25322) 
that (44.38132) the double rows of the periodic table, indicating some 
doubled arrangement of the peripheral electrons, also reflect some 
doubled arrangement of the nuclear protons; and, although numerical 
relationships may be all that are involved, and although the atoms 
which are formed may be formed by segregation and repeated pro- 
duction rather than by division and reproduction, still the relation- 
ships, numerical and chemical, are such as would be found where some 
heavy atoms had divided or tended to divide so that each (1) gave 
rise to an atom in the same column but in the row immediately above it, 
and at the same time (2) kept constant or tended to keep constant the 

115 T, C. Chamberlin, Jour. Geol., 29, 1921, p. 406. 
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number, though not the kind, of atoms of rare gas organized or capable 
of being organized within the nuclei—so that, for example, if an atom 
of the grade of krypton were not organized, one of the grade of argon 
might be—and (3) as indicated by similar valences in the same col- 
umn, kept constant or tended to keep constant the general type, 
though not the specific characteristics, of the interaction entered upon 
by the new atom. There may well be (4) certain linkages of nuclear 
helium or hydrogen persisting throughout many reproductive processes 
in astronomical bodies. In connection with nuclear atoms of helium, 
ete., we have noted that there may be differences in baryspheric mole- 
cules (see 44.3333). One might investigate relationships (44.3814) 
between peripheral! electrons in atoms, as well as between nuclear pro- 
tons, ete. Provision might be made in each of the above cases for 
(44.38111, ete.) subordinate linkage by descent and transfer, and for 
(44.38112, ete.) coordinate and (44.38113, etc.) mutual relationships. 


(44.41). Processes of gradual contraction, cooling, and dis- 
integration of stars are familiar in (44.411) theories of radiations 
of their masses, which radiations are perhaps due to the collapse 
of peripheral electrons into atomic nuclei.'!’ It is thought that 
some highly refractory material remains in the white dwarfs."** 
There are doubtless many dark stars, although they may not 
vastly outnumber the light ones.11° The appearance of ‘‘novae’’ 
has sometimes been traced to (44.412) disruptive action of other 
bodies; 7? and it has often been held that the asteroids of our 
system are the debris of some planetary catastrophe. Perhaps 
ultimately ?? (44.413) astronomical bodies disintegrate until 
they cease to belong to the cosmogonie realm. 

(44.42). Small astronomical bodies may presumably be ag- 
gsregated in clouds of meteoric matter, or diffuse nebulae, and 
larger astronomical bodies may perhaps be aggregated in star- 
clouds. Any aggregations of planets must include the suns on 
which they depend. 

(44.43). Within such aggregates, independent nuclei or in- 
dependent stars form widely separated binaries or other stellar 
systems. Bailey says that stars have a gregarious tendency, and 
as mankind is grouped into families and many families make up 
a nation, so the stars in many cases are grouped into clusters.??° 

117 A. §, Eddington, Internal Constitution of the Stars, p. 305. 
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In our part of the cosmos it is evident that a solar system pre- 
sents a kind of organization. The integration of our solar sys- 
tem seems to consist not so much in a ‘“‘getting together’’ by 
capture as in a ‘‘staying together’’ of the products of the re- 
productive processes. If Chamberlin’s theory is right, our solar- 
planetary system was organized out of a temporary stellar sys- 
tem; the integration (44.481) took place between monads in the 
dyadic relationship. The reduction of velocities of axial rota- 
tion to those of revolution 17 indicates an (44.432) elimination 
of energy in the organization of the new monad. 

(44.44). In the new monads, (44.441) the integrating astro- 
nomical bodies may retain prominence; or (44.442) new astro- 
nomical bodies may be formed by processes of reproduction, and 
the results of the processes of reproduction may be regarded as 
differentiations within the stellar or solar-planetary system 
concerned. 


121 ¢f, F. R. Moulton, op. cit., p. 201. 


CHAPTER VI 


STELLAR SYSTEMS: SOLAR-PLANETARY SYSTEMS; 
PLANET-SATELLITE SYSTEMS 


“A solar system has attributes and powers that can not be defined 
or measured in terms of its members, or of its ultimate chemical ele- 
ments, for a solar system is not merely an aggregate, or the algebraic 
sum of its various elements and qualities. ... It is a system, a new 
type of individuality, with special creative powers of its own.” 


W. Patten, The Grand Strategy of Evolution, 1920, pp. 34f. 


“Hach planet... making of the solar system an articulated whole, - 
an inorganic organism.” 


P. Lowell, American Academy of Arts and Sciences, Memoirs, 
14,1913, p. 15: 


(45.00). We consider at this level several kinds of systems of 
astronomical bodies, including ‘‘stellar systems,’’ e.g., binary 
stars, multiple stars, and star clusters; solar-planetary systems, 
assuming that there are at least some other systems besides 
ours;+ and subordinate planet-satellite systems, like those of 
the earth and of Jupiter. The statement will seem fantastic, 
but for the sake of parallelisms with other realms (see 595.00) 
we may say that here no distinction is made between solar sys- 
tems containing uninhabited planets, planets without civilized 
inhabitants, and planets with inhabitants or with civilizations. 

(45.10). It is difficult to recognize the individuation of some 
of these systems, and varying interpretations are possible; we 
shall see this also in parallel monads of other realms. Individu- 
ation is always (45.11) relative to (45.111) the milieu of aether 
or space-time and to (45.112) prior monads. Although accord- 
ing to Shapley most globular clusters are neither intermingled 
with nor closely surrounded by other stars,? according to Edding- 
ton the ‘‘general cloud’’ of interstellar matter extends at least 
as far as the galaxy. As regards (45.118) cognate monads, dif- 

1See A. S. Eddington, Nature of the Physical World, pp. 175ff. 

2H. Shapley, ‘‘Star Clusters and the Structure of the Universe’’—II, 
Scientia, 26, 1919, p. 355. 

8 A. 8. Eddington, Internal Constitution of the Stars, pp. 385, 388. 
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ferences of velocity, of direction, etc., indicate (45.1131) dyadic 
relationships interpretable as differences of rate. 

(45.12). Such systems may be regarded either as results of 
integration or of differentiation within galaxies; their individ- 
uation is convergent. 

(45.13). Of various organizations, the (45.1311) simplest 
are evidently represented by binary stars, formed either by 
(45.13111) integration or (45.138112) differentiation. Along 
with these may be ranked the earth-moon system. Multiple stars 
like Polaris* might be called (45.1812) simple; and (45.1313) 
open or loose eclusters,® if not the results of breaking up of more 
definitely nucleated clusters, may be included here. Any of 
these may be regarded as (45.132) compounded in regions where 
they are found together. The (45.133) more complex systems 
are formed by (45.13311) integration or (45.18312) differentia- 
tion within other systems. The great globular clusters may be 
complex. Our solar system is in a way (45.1333) doubly com- 
plex, a differentiation within the open cluster in which our sun 
belongs,® but containing within it several planet-satellite systems. 

(45.14). The individuations of all these monads are main- 
tained or modified by their other monadic characteristics. 

(45.20). Interactions are here on such a vast scale that there 
is little direct evidence ; such evidence as there is must be supple- 
mented by inference. That such interactions are selective, for 
example, is in accordance with the inverse square law. 

(45.21). Appropriations may be (45.211) incorporative. 
Those with (45.2111) the milieu are best considered in com- 
bination with rejection (see 45.23). Those with (45.2112) prior 
monads are difficult to recognize, because ordinarily we think of 
appropriation as pertaining only to single astronomical bodies | 
and not to the cluster or system as a whole. But, apart from 
any unknown macroscopic processes, such interactions occur 
whenever the prior monad appropriated by one body in a system 
may be thought of as passed on to another body in the system, 
or as exercising an effect there, or as appropriated in relation 
to all the bodies in the system. In binary stars, for example, 
radiations absorbed by one component doubtless exercise some 
effect upon the other. Eddington thinks it a reasonable as- 
sumption that stars which differ markedly in velocity from the 

4¥. R. Moulton, Introduction to Astronomy, pp. 149f. 
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other stars of our local cluster have dropped into it from out- 
side.” This, by the way, might help to explain the coexistence 
of giants and dwarfs in the same cluster, which raises a diffi- 
culty for theories of stellar evolution.2 Turner says that a star 
outside the cluster is urged inwards by the united pull of the 
whole community.® 

The energy represented by the radiation emitted from the 
sun may be regarded as having once been stored up, either in 
absorption or integration. Huntington has traced the climatic 
changes associated with terrestrial glacial periods to electrical 
effects produced in the sun by neighboring stars.1° Some char- 
acteristics of comets may possibly indicate capture, which may 
be ascribed to the sun or to the solar system acting as a unit.7* 
Doubtless appropriations of (45.2118) minor systems or clusters 
occur. The (45.2121) non-ineorporative appropriations of por- 
tions of the milieu are best treated in combination with rejec- 
tions. In Polaris two components of a spectroscopic binary have 
probably (45.2122) captured the third star now revolving around 
them,” although it is hard to distinguish incorporative from non- 
incorporative appropriation. Stupendous processes ordinarily 
called attractions may be non-incorporative appropriations of 
(45.2123) cognate monads. . 

(45.22). Concerning rejections, a star cluster may be said 
to (45.2212) emit light-waves as a unit; we often receive the 
light as from a single source. Light emitted exerts a pressure, 
although this ‘‘repulsive force’’ is insufficient to explain loss 
of variable stars from a star cluster. Successive perturbations 
are sufficient to explain the ejection of a comet from the solar 
system.1? The failure of a cluster or system to attract in meas- 
ure sufficient for a given effect may be ealled (45.2222, 45.2223) 
non-incorporative rejection. 

(45.23). Most prominent for us among the combinations of 
appropriations and rejections are (45.23217) motions of clusters 

7A. S. Eddington, Roy. Soc. Lond., Proc., A, 111, 1926, p. 426. 
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and systems. The velocity of one cluster is thought by Shapley 
to be 200 or 300 kilometers per second.** Globular clusters nor- 
mally appear to (45.23218) oscillate back and forth across the 
galactic plane.” Shapley says that our sun no doubt moves in 
some complicated orbit. Chamberlin suggests that (45.232392) 
grouped attractions of the dominant part of a star cluster may 
in the outer portions of the domain of the sun give very elliptical 
orbits to projectiles from the sun.?” 

(45.24). Interactions of component monads persist in the 
(45.2412) absorption of light or electrons by one member of a 
cluster or solar system from another member. Absorption of 
light by the earth may be regarded either as a monadic char- 
acteristic of an astronomical body or as persistent within the 
solar system; interactions, like individuations, are convergent. 
Some (45.2421) persistent non-inecorporative interactions with 
the milieu are important for measurements of the parallax of a 
star. Hclipsing variables show (45.24218) the revolutions of 
components of binaries.1* Shapley suggests that since the ma- 
jority of globular clusters are slightly but symmetrically elon- 
gated they are perhaps revolving on the shorter axis.14 Some of 
the periodic motions are very complicated, as in nutations and 
precessions.1® The earth’s tides illustrate (45.242392) persistent 
non-incorporative interactions within the solar system. In order 
to account for the fact that a cluster or system stays together, 
regard is usually had for the (45.242394) mutual attractions of 
the members. 

(45.25). It seems plausible that clusters and solar systems 
2? (45.251) start with relatively simple forms and develop, 
with (45.252) interactions, etc., promoting structuration. <Ac- 
cording to Chamberlin, the solar system has gone through a 
process of ‘‘spacing’’ of planets.”° In such clusters and systems 
(45.253) constituent monads may be of (45.2531) prior realms, 
as indicated by geometrical properties in polarizations. For the 
sake of rudimentary parallelism with other realms, it should be 


14H. Shapley, Scientia, 26, 1919, p. 361. 

15H. Shapley, Flights from Chaos, p. 108. 

16H. Shapley, ‘‘How Big Is the Universe?’’, Harpers Magazine, 150, 
1925, p. 650. 

17 T. C. Chamberlin, Carnegie Inst. Wash., Year Book, 23, 1924, p. 277. 

18 F, R. Moulton, Introduction to Astronomy, pp. 516ff. 

19 ibid., pp. 927f. 

20 T, C. Chamberlin, Origin of the Earth, pp. 150ff. 
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mentioned that, even if no others do, our solar system contains 
at least one (45.25321) planet in which a civilization has devel- 
oped. Boodin would say that extra-terrestrial influences are 
necessary for the higher stages of human evolution.** The sys- 
tem of Jupiter within our solar system may be regarded as a 
(45.2533) constituent cognate monad. Because of the depend- 
ence of living organisms on solar energy, the living organisms as 
(45.2534) monads of a later realm are in a way constituents of 
monads of this level. Of the (45.254) gross differentiations, 
(45.2541) central regions are (45.25411) not so evident in bi- 
naries, but (45.25412) in the great globular clusters the most 
massive stars are at the centers. In the solar system some smaller 
and denser planets revolving around the sun occupy (45.2542) 
intermediate positions; or, the planets may be regarded as inter- 
mediate, relatively to the (45.2548) diffuse matter, Zodiacal 
light,?* ete., of the periphery—all of which, according to Cham- 
berlin, make the shape of the whole system spheroidal.?? Within 
the solar system there are secondary differentiations of planet- 
satellite systems, with the satellites peripheral with respect to the 
planets. Suns doubtless outlast planets, which by reason of in- 
creasing tidal friction ?* lose momentum and are sucked into the 
parent bodies. Planets would ordinarily persist longer than 
satellites. 

The vastness of operations makes it difficult to picture (45.255) 
the functioning of these structures. Doubtless (45.2551) the 
central regions, with their great masses, exercise regulation (see 
45.262). It seems clear that (45.2552) intermediate regions ex- 
ercise functions of transmission. Lodge has pointed out that 
the approaches of planets to the sun would not be ‘‘quantized”’ 
like the approach of electrons to an atomic nucleus, but that 
comets approaching the sun might possibly exhibit even this 
analogy *—apparently meaning that they might fall inward, be- 
coming satellites of one planet after another on the way. Ob- 
viously (45.2553) peripheral stars, planets, ete., are likely to be 
involved in interactions with other systems sooner than bodies of 
intermediate regions are. Planets may encounter invaders like 
comets before suns do. 

2icf. J. E. Boodin, Cosmic Evolution, 1925, pp. 67f., 1197. 

22 F, R. Moulton, op. cit., pp. 262. 

23 'T. C. Chamberlin, Carnegie Inst. Wash., Year Book, 23, 1924, p. 271. 


24 P, Lowell, The Evolution of Worlds, 1910, pp. 216/f. 
25 QO, Lodge, Ether and Reality, 1925, p. 139. 
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(45.26). Shapley thinks that in fairly uniform globular clus- 
ters there may be (45.261) a counterbalancing of gravitation and 
other forces in a star.2 Central regions doubtless exercise 
(45.262) referential regulation. 

(45.27). G. H. Darwin thought that a solar system might 
grow by accretion.2° The approximate uniformity of the globu- 
lar clusters *7 leads to the inference that there is (45.271) a 
dynamic limit of size which is not exceeded. Perhaps for our 
solar system such a limit is marked by the region in which the 
inward pull of gravitation is just balanced by the outward pres- 
sure of radiation. 

(45.30). New clusters and systems would ordinarily be 
thought of as arising by (45.31) repeated production. Gifford 
has maintained that (45.83) systems result from clashes of sys- 
tems.” Constituent bodies (45.34) seem to continue their char- 
acteristic reproduction ; binaries, for example, are found in open 
clusters. The (45.35) resemblance of the globular clusters is 
(45.351) of high degree; according to Shapley, the assumption 
that they all have the same size and absolute brightness is justi- 
fied.27 There are, however, (45.352) wide differences between 
globular and open clusters; one of the latter may have one or 
two hundred stars of more than solar brightness, but one of the 
former may have 20,000 or 30,000.29 The known periods of bi- 
naries show a tendency to divide into short and long (45,353) 
classes, but these classes correspond to spectroscopic and visual, 
and may be only the results of the limitations of our methods.” 

(45.36). Shapley says that in the fixed stars we see a gradual 
progression from the largest and most scattered constellations to 
the highly concentrated globular clusters.*+ It is not possible to 
discern ?? (45.87) periodic relationships, although possibly in 
the building of globular clusters different ‘‘shells’’ of stars sur- 
rounding the massive central group may afford a basis for them. 
The processes are too vast for ?? (45.38) transmissions and asso- 
ciations comparable to those of biological heredity to be detected. 

(45.41). Disintegration of clusters and systems is to be ex- 

26G. H. Darwin, Brit. Ass’n., Report, 1905, p. 16. 

27 cf. H. Shapley, Harpers Magazine, 150, 1925, p. 656; Flights from 
Chaos, pp. 110ff. 

28 A. CO. Gifford, Scientia, 16, 1927, p. 5. 

29H. Shapley, Harpers Magazine, 150, 1925, p. 654. 


30 J. H. Jeans, Scientia, 31, 1922, p. 18. 
31 H. Shapley, Scientia, 26, 1919, p. 353; cf. Flights from Chaos, p. 111. 
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pected; perhaps it is (45.412) hastened by other clusters and 
systems. Systems probably eventually break down into radia- 
tions, if not ?? (45.418) into the milieu. Stars will evidently 
survive planets and, if they eventually suck in the planets near 
them, may be regarded as intermediate stations in the disintegra- 
tion of the planets. 

(45.42). Clusters and systems may be regarded as aggregated 
in vast star clouds or star streams; and within these we may sup- 
pose that (45.48) integration into the monads of the next level, 
1.€., galaxies or spiral nebulae, occurs. Shapley once suggested 
that our galaxy might owe its beginning and subsequent growth 
to globular clusters.** More recently he has suggested that glob- 
ular clusters may be the nuclei of galaxies.** It is obviously 
hard to say whether such clusters are (45.441) original elements 
or (45.442) products of differentiation within the new monads.* 

82H. Shapley, Scientia, 27, 1920, p. 101. 


33 H. Shapley, Flights from Chaos, p. 146. 
34cf. A. S. Eddington, Nature of the Physical World, pp. 164, 167. 


CHAPTER VII 


GALAXIES, OR SprraLn NEBULAE: CLUSTERS OF SPIRAL NEBULAE: 
. . . THE Cosmogonic UNIVERSE AS A Monap 


“ Considered as a whole, the globular clusters form a system of a 
higher order. . . . We can for the present at least take this organiza- 
tion of clusters as coincident with the general galactic system.” 


H. Shapley, Harpers Magazine, 150, 1925, p. 656. 


“Tt was pointed out by Lambert long ago that, just as the solar sys- 
tem is a single unit in a galaxy of several hundred million stars, so the 
Galaxy may be but a single one out of an enormous number of galaxies 

. . and that these galaxies may form larger units or supergalaxies, 
and so on without limit.” 


F. R. Moulton, Introduction to Astronomy, 1922, p. 469. 


“In this general description of the primitive function of reason in 
animal life, the analogy of a living body, with its own self-contained 
organization, to the self-contained organization of the material uni- 
verse as a whole, has been closely followed.” 


A. N. Whitehead, The Function of Reason, 1929, p. 19. 


Galaxies, or Spiral Nebulae 


(46.00). Within the past few years it has come to be gen- 
erally accepted that the great spiral nebulae are ‘‘external gal- 
axies’’ or (46.10) island universes; they may be regarded as 
individuated (46.11) relatively to (46.111) the milieu and to 
(46.112) prior monads.t Jeans thinks that the spiral nebulae 
develop in a uniform tenuous gas of density 10-** and of diameter 
of at least hundreds of millions of light years.2, Hubble thinks 
there are probably (46.113) non-galactic nebulae whose dark 
images are superposed on his photographs of the object he calls 
N.G.C. 6822.8 

(46.12). Jeans regards the spiral nebulae not as integrations 

1H. Shapley, Flights from Chaos, pp. 148, 154. 

2J. H. Jeans, Nature, 119, 1927, p. 315. 


3 E. Hubble, ‘‘N.G.C. 6822, A Remote Stellar System,’’ Astrophys. Jour., 
62, 1925, p. 420. 
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of clusters but as condensations in a great cloud of tenuous 
gas;? but even if they are only condensations there, their indi- 
viduation is thus convergent. 

(46.18). Even these vast objects apparently exist in different 
degrees of complexity of organization. Shapley mentions 
(46.1311) a double cluster, as well as an apparently binuclear 
galaxy * and finds seven globular clusters in (46.1312) the 
Larger Magellanic Cloud.® Jeans says that it now appears 
probable that (46.183) our system of stars was formed by the 
intermingling of stars from two and ‘probably more spiral nebu- 
lae, while Shapley is now inclined to think of our galaxy as a 
system of star-clouds, or a ‘‘super-galaxy.’’® Perhaps the more 
compactly organized great spiral nebulae with arms are also 
complex monads of this level.’ 

(46.14). Even on the stupendous scale of these monads, indi- 
viduations are presumably conditioned by other monadic char- 
acteristics. 

(46.20). Most of the general remarks about (46.21) appro- 
priations apply here, if at all, on a scale far too vast for detailed 
observation. According to Lundmark, there are some indica- 
tions that spiral nebulae (46.2112) absorb light.2 Eddington 
gives a list of 41 spiral nebulae of which five have their spectral 
lines shifted toward the violet,® indicating that possibly they are 
approaching our galaxy. If this is appropriation, it may be 
either (46.2113) incorporative or (46.2123) non-incorporative. 

(46.22). As for rejections, galaxies seem to (46.2212) emit 
waves. MacMillan thinks that in our galaxy once in a very 
long time a star, through a series of encounters with other stars, 
will acquire so high a velocity that it will escape from the galaxy 
altogether.*° Rejection of (46.2213) cognate monads seems pos- 
sible; the Magellanic Clouds are receding from our galaxy, al- 


4H. Shapley, ‘‘The Center of the Universe,’’ Forum, 81, 1929, p. 372; 
Flights from Chaos, p. 141. 

5K. Hubble, op. ctt., p. 423. 

6J. H. Jeans, in collective work, Evolution in the Light of Modern 
Knowledge, p. 25; cf. H. Shapley, Flights from Chaos, p. 144. 

Tcf. F. R. Moulton, Introduction to Astronomy, pp. 429f., 554, 557. 

8K. Lundmark, ’’Motions and Distances of the Spiral Nebulae,’’ 
Roy. Astr. Soc., Monthly Notices, 85, 1925, pp. 876f. 

9 See B. Russell, The A BC of Relativity, p. 175. 

10 W. D. MacMillan, ‘‘The Structure of the Universe,’’ Science, 52, 1920, 
Dida: 
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though they may still belong to it* Some of the receding spi- 
rals ** seem to indicate (46.2223) non-incorporative rejection. 

(46.23). The most evident combinations of appropriations 
and rejections are (46.23217) motions. Our galaxy, according 
to Curtis, probably has a velocity of several hundred kilometers 
per second relatively to the system of the spirals. Many 
(46.233) combinations of non-incorporative with incorporative 
interactions must occur; Shapley notes the possibility that in the 
motions of the galactic system through space it will reach distant 
regions and absorb globular clusters which we have not yet 
seen.1* 

(46.24). Persistent motions of constituent monads might in- 
clude everything that occurs in the sun and the earth, since inter- 
actions, like individuations, are convergent; but we consider 
(46.24227) translational motions of constituent systems, ete. 
Shapley says that the solar system seems to be moving in a 
northerly direction from the central plane of the galaxy. Ex- 
amples of (46.24228) periodic motions are the rotations of spiral 
nebulae.” Probably there are (46.242394) mutual attractions 
by which the stars of the Milky Way are kept from wandering.*® 

(46.25). These monads are on such a scale that it is hard to 
think of ?? (46.251) starting with any simple form. If the gal- 
axy were left alone, says Moulton, it would undergo a long dy- 
namical evolution and would (46.252) tend toward a state in 
which the stars would be symmetrically arranged in concentric 
layers.*7 Galaxies of course include (46.253) constituent mon- 
ads from (46.2531) prior realms and (46.2532) levels. If the 
Magellanic Clouds belong to our galaxy, they may be (46.2533) 
constituent cognate monads. In the spiral nebulae there are | 
often (46.254) gross differentiations into (46.2541) central re- 

licf. F. R. Moulton, Introduction to Astronomy, p. 553; H. Shapley, 
Nat. Acad. Sci., Proc., 15, 1929, p. 568. 

12H. N. Russell, Sci. Am., 140, 1929, p. 504. 

18H, D. Curtis, ‘‘The Spiral Nebulae and the Constitution of the Uni- 
verse,’’ Scientia, 35, 1924, p. 6. 

14H. Shapley, Harpers Magazine, 150, 1925, p. 657. 

15 Ff, R. Moulton, Introduction to Astronomy, p. 558. Shapley thinks the 
motion of stars near the sun shows a general rotation about some distant 
central nucleus (Forum, 81, 1929, p. 373). 

16H. N. Russell, ‘‘ Are there Other Habitable Worlds?’’, Sci. Am., 132, 
1925, p. 315. 

17 See report of address by F. R. Moulton, Science, January 29, 1926, 
Supplement, p. xxxii. 
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gions.18 Shapley accepts tentatively the theory that a higher 
system of globular clusters forms the center of our galaxy.’® 
Certain (46.2543) peripheral regions are indicated by the fact 
that a very large proportion of spirals seen edgewise to us show 
a dark lane down their central lines, caused by a ring of dark 
matter lying in their equatorial planes but outside the main 
body of the spiral.t? The processes are so vast that we can form 
little idea of (46.255) specializations of function, except that 
the denser equatorial belt or central portions of a galaxy might 
have most to do with breaking up star clusters or other appropri- 
ated monads. 

(46.26). We suppose there is (46.261) mutual regulation in 
what is ordinarily called mutual attraction. In spirals with 
arms, doubtless the massive central regions exercise (46.262) 
referential regulation. 

(46.27). Shapley has suggested that our galaxy appears to 
be growing by the accretion of other stellar systems, adding 
smaller units with ease and larger ones with some difficulty if 
atall? 

(46.30). In accounting for the evident number of spiral 
nebulae, (46.31) repeated production seems most plausible. 
Chamberlin has, however, suggested that spiral nebulae may be 
(46.33) due to near approaches of a higher order than those of 
stars.*4 Guifford maintains that galaxies are formed by encoun- 
ters of two preexisting cosmic systems—encounters which may 
take millions of years, and which, in our galaxy, may be still 
proceeding.?? 

(46.34). At least some constituent monads persist in their 
characteristic processes of reproduction. 

(46.85). These monads exhibit (46.851) degrees of resem- 
blance; Hubble says that all of them are constructed on the same 
pattern, although (46.352) they are not as uniform as the globu- 
lar clusters.22 Lundmark thinks that the so-called globular neb- 
ulae do not appear to differ radically from the spirals either in 
spectral properties or radial motions.** 
18K. Hubble, Harpers Magazine, 158, 1929, pp. 736f. 

i9 H. Shapley and H. Swope, ‘‘Preliminary Indication of a Massive 
Galactic Nucleus,’’ Nat. Acad. Sci., Proc., 14, 1928, p. 833. 

20H. Shapley, Scientia, 27, 1920, p. 100. 

21 T. ©. Chamberlin, Two Solar Families, p. 144. 

22 A, ©. Gifford, Scientia, 41, 1927, pp. 4, 12. 


23 HE. Hubble, Harpers Magazine, 158, 1929, p. 738. 
24K, Lundmark, Roy. Astr. Soc., Monthly Notices, 85, 1925, p. 888. 
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(46.36). Lundmark has arranged these objects in the order 
of their mean radial velocity, which becomes less along what he 
takes to be the evolutionary series from globular nebulae, 
through early spirals, late spirals, and Magellanic Cloud nebulae, 
including N.G.C. 6822.75 

?? (46.37). A two-dimensional classification of spiral nebu- 
lae, according to ellipticity of image and apparent degree of 
central concentration of light, has been begun at Harvard.?5 

(46.41). As regards disintegrations of galaxies, (46.411) 
Jeans thinks that if the stars are held by mutual attractions 
while their masses are slowly disintegrating, the whole galactic 
system must be slowly expanding.”® According to Moulton, our 
galaxy has (46.412) encountered in recent astronomical time 
another galaxy which has spun it out into a vast disce-like mass 
which yet contains numerous irregularities.?’ 

(46.42). An aggregation of spiral nebulae is beginning to 
be considered, since Hubble has advanced the view that spiral 
nebulae are approximately uniformly distributed in space 
throughout a distance of 100,000,000 light years.*” 

(46.48). A cluster of about five hundred spirals in Coma and 
Virgo ** may illustrate a process of integration. Charlier’s the- 
orem assumes that N, stars form a galaxy G,, and N, stars form 
a galaxy G,, etc., and Lundmark comes to the conclusion that our 
stellar system and the system of spiral nebulae are constructed 
according to the principles there expressed.”® 


Clusters of Spiral Nebulae 


(47.00). Nordmann says that the spiral nebula with its hun- 
dreds of millions of stars plays the same part in a vaster universe. 
that a star has in the Milky Way. We have the same problem as 
before, but on a vaster scale.*° Shapley says there are at least 
fifty distinct groups of nebulae; among them tentatively he ranks 
our own galactic system.** 


25K, Lundmark, ibid., p. 867; cf. H. Shapley, Flights from Chaos, pp. 
133-6. 

26 See H. N. Russell, Sct. Am., 132, 1925, p. 315. 

27 E. Hubble, op. cit., p. 738. 

28 H. Shapley, Flights from Chaos, p. 142. 

29K. Lundmark, Roy. Astr. Soc., Monthly Notices, 85, 1925, pp. 891-3. 

300. Nordmann, Hinstein and the Universe, transl. J. McCabe, 1922, 
p. 193. 

81 H. Shapley, Flights from Chaos, pp. 143f. 
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(47.10). Clusters of spirals are individuated (47.11) rela- 
tively to (47.111) the milieu, etc., and may be regarded as 
(47.12) convergent in their individuation. According to Shap- 
ley, among the brighter external galaxies, dozens of (47.1311) 
doubles and (47.1812) multiples are known.** The (47.20, etc.) 
interactions and (47.30, etc.) repeated productions or reproduc- 
tions of these monads if they occur, are too vast to trace out; but 
nothing prevents the hypothesis that they exhibit the monadic 
characteristics. 

(47.42). Hubble’s vast distribution of spirals is said to com- 
prise only one six-hundredth of the ‘‘Hinstein universe’’ 
within such a volume as that of the latter there might well be 
room for ?? (47.43) monads of a new level for which allowance 
must be made. Even Silberstein, who thinks the universe is 
much smaller than Hubble does, says that there is ample room 
for some millions of galaxies.*? 


Clusters of Clusters of Spiral Nebulae 


(48.00). Shapley in his classification allows for a Metagalaxy 
which he calls for the present vague supersystem.** 


The Cosmogonic Universe as a Monad 


(49.00). When we come to consider the cosmogonie universe 
as a whole, our decimal numbering is particularly open to ques- 
tion. To assign a proper number without trespassing on those 
allotted to the biotic realm may require a system of notation 
with more units than are afforded by the decimal system; there 
is no reason why the universe should be confined to decimals. 
But the decimal system is of course most familiar and therefore, 
when its defects are overlooked, most convenient. This most in- 
elusive monad of the cosmogonic realm appears to include, as 
within a totality, all prior monads of that realm. 

(49.10). F.C. 8S. Northrop, in a eritique of the theory of 
relativity, holds that nature constitutes a finite ‘‘macroscopic 
atom’’ congesting all microscopic properties in its interior.® 

32H. Shapley, tbid., pp. 139f. 

33 L, Silberstein, Natwre, 124, 1929, p. 179. 

84H. Shapley, Flights from Chaos, pp. 147, 161. 

85, C. §. Northrop, ‘‘The Unitary Field Theory of Einstein... ,’? 
Monist, 40, 1930, p. 334. For a discussion of the scientific and philosophical 
importance of the theory of the macroscopic atom, see Science and First 
Principles, 1931. 
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Such a universe is itself a (49.11) relatively individuated monad; 
even a universe which, as for the earlier Einstein theory, contains 
its space-time ** and is finite but unbounded could not be re- 
garded as absolute, except in some restricted sense. If beyond 
or outside it, on the most extreme view, there is said to be 
nothing, ‘‘nothing’’ is an enotative term indicating that descrip- 
tion is reduced to a minimum or zero of bare reference. Nord- 
mann even suggests a possibility of ?? (49.118) cognate uni- 
verses, optically isolated from us.*” 

(49.20). We can conceive no physical (49.21) appropria- 
tions for such a universe with the ?? (49.2111, 49.2121) milieu, 
unless there are appropriations from some prior realm of space- 
time. So far as we can tell, there can be no appropriations of 
2? (49.2112, 49.2122) prior cosmogonic monads, since all these 
would be constituents of the one universe. And there could be 
at least no describable appropriations from ?? (49.2113, 49.2123) 
cognate monads, if these are isolated as regards radiations. 
Somewhat similar considerations apply to (49.22) rejections, 
although it seems inevitable that the universe (49.2204) main- 
tains its individuation by excluding that utterly indefinite set- 
ting to which we refer enotatively by the term ‘‘nothing.’’ 

(49.24). All the interactions we have studied as character- 
istic of prior cosmogonic monads may be regarded as persistent 
interactions of these monads, since these are constituents of the 
universe aS a whole. Some of the Hinstein theories regard even 
those (49.2421) interactions with points in space-time which are 
necessary for measurement as belonging altogether within the 
universe-monad, and subject to its mutual and referential regu- 
lations (see 49.26). Especially important here is the question 
whether certain (49.24217) motions of constituent monads which 
in general are manifestations of their energies are in some macro- 
scopic fashion (49.24218) periodically recurrent,*® with or with- 
out tending to a limit in ‘‘heat death’’ (see 49.271). Important 
too, must be all (49.241894, 49.242394) mutual interactions of 
parts upon parts. 

(49.25). In such a universe (49.252) functioning seems to 

36 cf. A. S. Eddington, Nature of the Physical ere plo? 

37 C. Nordmann, Einstein and the Universe, p. 202. 


88 cf. G. N. Lewis, The Anatomy of Science, 1926, pp. 1427f.; A. 8. 
Eddington, op. cit., pp. 85f. 
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promote structuration in the various physical effects connected 
with relativity. Differentiation with respect to (49.2531) prior 
realms would include ‘‘curvature’’ in an Hinstein universe,*® 
with consideration of the type of geometry applicable to its proc- 
esses. As Shapley points out, the phrase ?? (49.2541) ‘‘center 
of the universe’’ may here be meaningless.*° Differentiation 
into (49.2543) peripheral portions may have to be considered 
so as to include peculiar boundary conditions. 

(49.26). Regulation is evidently provided in (49.261) rela- 
tivity transformations and the assumption that (49.262) the 
velocity of light is constant for all observers. Perhaps the dis- 
sipation of energy according to the law of entropy is compen- — 
sated ** by an opposite process of building up, all of which is in 
accordance with the self-maintenance of the universe. 

(49.27). The problem of augmentation, growth, or depletion 
here is connected with the problem of the conservation of mass 
or energy or the sum of the two.** Perhaps the law of entropy 
indicates a (49.271) limit of cosmogonice development. Various 
ways of escaping this conclusion have been suggested—e.g., by 
regarding forces as discontinuous,*? by taking entropy as a the- 
orem in probability,** or by regarding the universe as other than 
a closed system *4—but none of these ways can yet be regarded 
as successful. Some considerations from the theory of relativity 
indicate that the universe is expanding and that the Einstein and 
de Sitter universes mark its possible limits.* 

(49.30). If there is compensation for the law of entropy, or 
if there are other universes optically isolated from ours, there 
might be (49.81) repeated production. 

(49.41). Maximum entropy might mean the bepinmnte of dis- 


39 A. Einstein, in H. A. Lorentz and others, Principle of Relatwity, 
pp. 1837. 

40H. Shapley, Forum, 81, 1929, p. 371.. 

41 cf. J. H. Jeans, ‘‘The Physics of the Universe,’’ Nature, 122, 1928, 

OO t. 
: 42 J. J. Thomson, ‘‘The Mechanics of the Electric Field,’’ Nature, 118, 
1926, p. 343. 

43 M. Planck, A Survey of Physics, transl. by Jones and Williams, 1925, 
pp. 23f. Eddington, in his Nature of the Physical World, pp. 72, 75, finds 
the probability against a breach of the law of entropy overwhelming. 

44 cf. G. N. Lewis, The Anatomy of Science, p. 143. 

45 J, H. Jeans, The Mysterious Universe, pp. 64ff. 
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integration or at least of ineffective segregation. No ?? (49.42) 
aggregation nor ?? (49.43) integration can be more than purely 
hypothetical at this limit of our range of apprehension. In this 
marginal case we can not tell whether the whole cosmogonic sys- 
tem constitutes an integrate rather than an aggregate, since for 
us the chief criterion of integration or difference of level, is 
capacity to enter into further integrations of later monads. 
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PART TWO: THE BIOTIC REALM 


“Living things are, as it were, universes. Were it possible to mag- 
nify the human body so that the positive electrons would be as large 
as small shot . .., a man would be about 10,000 times as tall as the 
distance from the earth to the sun. Were the electrons luminous, each 
individual would look like a nebula or collection of an immense num- 
ber of suns, all of which would be in rapid orbital motion. There 
would be constellations, which we call molecules, and the atoms would 
be solar systems. ... We are in very truth minute universes, com- 
posed of quadrillions of suns and planets.” 


A. P. Mathews, in E. V. Cowdry, editor, General Cytology, 
1924, pp. 20f. 
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CHAPTER VIII 


GENERAL CONSIDERATIONS CONCERNING THE Biotic Reaum: Its 
INITIAL LEVEL IDENTIFIED AS ORGANIC COMPOUNDS 


“ We agree with those thinkers like Lloyd Morgan who have tried to 
link on the synthetic tendency which they detect in the formation of 
crystals and the building up of carbon compounds to the synthetic 
tendency which they see in organic development.”’ 


J. A. Thomson, The System of Animate Nature, 1920, Vol. 1, p. 168. 


General Considerations Concerning the Biotic Realm 


(50.00). Within a planet of our solar system, certain monads 
appear which we call biotic. The term is broader than “‘biologi- 
eal’’; it includes organic chemical monads at one extreme and 
social monads at the other. According to the hypothesis of 
epitomization, these structures and their processes constitute a 
new realm with a development parallel to that of the cosmogonie. 

The question of mechanism and vitalism, for us, concerns the 
relationships between the cosmogonic and the biotic; we shall 
treat it as a special case, according to the general principles 
which we shall try to show are operative between realms (see 
Chapters XX, 7, and XXI, 1, (8)). So far as we are concerned 
for the present, the questions concerning mechanism, emergence, 
Bergson’s élan vital, Driesch’s entelechy, ete., may be left in 
abeyance. Although our treatment will be in terms of mech- 
anism and of synthetic or organismic vitalism, the possibility of 
interventiom by a Creator or other outside agencies is nowhere 
excluded. Every emergent may be led forth, and every level 
may be the work of a Leveller. 

We have only one undoubted example of biotic development, 
the one in the earth. Without attaching too much weight either 
to investigations which increase the probability of the existence 
of life in other planets, or to speculative assumptions which, 
when all is said, seem indispensable to any large view of the 
world, we may proceed as if there were other inhabited: planets,* 

1cf. H. Shapley, in H. Shapley and C. H. Payne, ed., Universe of Stars, 
Chap. 12; A. 8S. Eddington, Nature of the Physical World, pp. 172ff. 
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although most points in the hypothesis of epitomization would 
remain unaffected if the earth were the only one. The milieu 
in which the biotic monads are found consists proximately of a 
loeal region but ultimately of the whole cosmogonic realm, and 
is called the inorganic environment. 


The Initial Level of the Biotic Realm: Organic Compounds 


(51.00). Just as the monads of the initial level of the cosmo- 
gonic realm are not material, so the monads of the initial level 
of the biotic realm are not living. We assume that as in the 
cosmogonic, so in the biotic, monads which now appear only as 
differentiations or constituents of later monads were at initial 
levels relatively individuated. And we suppose that, here as 
everywhere, monads may exist in different degrees of complexity 
of organization. The natural hypothesis is, then, that the initial 
biotic monads are the organic compounds of carbon. Carbonic 
acid, sometimes regarded as inorganic, may be included here.’ 

(51.10). Individuation (51.11) relative to (51.111) a milieu 
is implied in Chamberlin’s theory that within the moderate range 
of temperatures reached by the cooling earth a change took 
place in some of the carbon atoms by which their combining 
powers were increased, making possible a long chain of syntheses.® 
Allen postulates in primitive sea water organic compounds 
formed by the energy of light vibrations from ions present in 
the water.* Chamberlin suggests that in the early stages of 
earbon combination, before the assumption of the colloid state, 
an adequate mechanism for holding the products of each syn- 
thetic step in such a way as to favor the next was afforded by 
the pores of the soil. Among (51.113) cognate monads the 
(51.1131) dyadic relationship appears in the suggestion that 
carbon dioxide exists in two forms,® and that an amino acid, un- 
der varying conditions, may exhibit either acidic or basie prop- 
erties. . | : 

(51.12). The fact that so many organic compounds have been 
artificially synthesized in recent years,’ whereas they were for- 

2F. J. Moore, Outlines of Organic Chemistry, 1915, p. 190. 

3 T, ©. Chamberlin, The Origin of the Earth, pp. 242f. 

4K. J. Allen, ‘‘The Progression of Life in the Sea,’’ Brit. Ass’n., Re- 
port, 1922, p. 82. 

5 T. C. Chamberlin, op. cit., pp. 253-6. 

6A. P. Mathews, in E. V. Cowdry, ed., General Cytology, 1924, p. 28f. 


tcf. J. B. Cohen, Organic Chemistry for Advanced Students, 1928, Part 
1, index, ‘‘ Synthesis. ’’ 
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merly obtained analytically, is a fine example of convergent in- 
dividuation. 

(51.13). Organic compounds occur in different degrees of 
complexity of organization. As (51.181) simple forms, there 
are the oxides of carbon, beginning with carbon monoxide which 
may be taken as (51.1311) the simplest, formed either by 
(51.18111) integration or (51.18112) differentiation within or- 
ganic material. Various organizations are evident in (51.1312) 
aliphatic and (51.1313) aromatic,® or cyclic compounds.? Ex- 
amples of (51.1382) ‘‘compound’’ forms—in our sense of the 
term—are chemical mixtures. There are numerous grades of 
(51.183) complex forms. Baly, Heilbron, and Barker have 
shown that light of short wave-length acting upon water and 
carbon dioxide is capable of producing (51.1331) formaldehyde, 
CH,O, with liberation of free oxygen. Light of longer wave- 
length causes molecules of formaldehyde to polymerize to form 
simple sugars.7° Formaldehyde under the influence of ultra- 
violet rays may be linked with potassium nitrite to form form- 
hydroxamic acid compounds, and formhydroxamie acid may react 
with activated formaldehyde to give (51.1333) complex nitrogen- 
containing compounds, some of an alkaloidal nature, and some 
having the characters of amino acids,}+ 

(51.14). The individuation of organic compounds is pro- 
foundly affected by their other monadic characteristics. 

(51.20). That the interactions of organic compounds are 
selective is shown by their specific actions and valences. 

(51.21). Appropriations may be (51.211) incorporative. 
Compounds appropriate (51.2111) portions of the milieu when 
they absorb light or take up atoms or inorganic molecules, al- 
though if the latter process occurs in a substitution, it is best 
considered later (see 51.23116). Appropriations of (51.2113) 
organic compounds oceur in chemical combination,’? especially 
where the appropriating compounds are complex. Examples of 
(51.212) non-ineorporative appropriations are difficult to distin- 
guish from the foregoing, but might be afforded by Werner’s 
subsidiary valences.*® 

8. J. Moore, Outlines of Organic Chemistry, pp. 31ff, 223. 

9 J. B. Cohen, op. cit., Part 1, pp. 20077. 

10 BR, J. Allen, op. cit., p. 80, and references. 

11 N, Paton, ‘‘ Vitalism,’’ Scientia, 37, 1925, p. 98. See R. A. Gortner, 
Outlines of Biochemistry, 1929, p. 307. 


12 A, Smith, General Chemistry for Colleges, 1920, p. 148. 
18 J, B. Cohen, op. cit., Part 1, p. 91. 
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(51.22). Processes of rejection (51.220) in general follow 
the principles observed in other monads and correspond to proc- 
esses of appropriation. Examples are (51.2211) fluorescence," 
(51.2212) decomposition,’? and (51.2223) any failure to form 
compounds which, as the opposite of ‘‘attraction,’’ appears to 
us as ‘‘repulsion.’’ 

(51.23). Appropriations and rejections occur in many com- 
binations—for example, (51.28111) successive satisfactions of 
valences, as in consecutive reactions; +® (51.23112) corresponding 
successive decompositions; (51.23113) reversals of such proc- 
esses; 7° (51.23114) absorption of light together with satisfaction 
of valence,’ or the action of light on the formation of com- 
pounds; (51.23115) emission of heat and light, and loss of in- 
organic molecules; *® (51.23116) absorption of light and loss of 
an atom, or absorption of one atom and loss of an atom or mole- 
cule, as in displacement?” and exceedingly important organic 
substitutions;?® (51.23117) combinations of alternate appro- 
priations and rejections, as in series of substitutions; *° and 
(51.28118) rhythmic processes if, under environmental or other 
influences, any of these periodically recur. For cognate monads 
there are also (51.231891) preemptions, as in the actions of 
compounds with unsaturated 74 as compared with saturated 
valences. One should note also the (51.231392) reactions of 
compounds which gain and compounds which lose electrons,?? 
atoms, etc. Sometimes there is (51.231394) interchange, as in 
‘double decomposition,’’ 73 or the formation of esters.24 Im- 
portant examples of (51.23217) non-incorporative interactions 
with prior monads are afforded by electrical conductions of or- 
ganic compounds. Ions in solution have the added complication 
of motion. <A globule of dimethyl aniline (51.233) floating on 

14 ibid., Part 2, p. 140. 

15 ibid., Part 1, pp. 361f. 

16 cf, F. J. Moore, op. cit., p. 95. 

17 ef. A. W. Stewart, Recent Advances in Organic Chemistry, 1927, Vol. 
2, p. 2467. 

18 cf. J. B. Cohen, op. cit., Part 2, pp. 517f. 

19 F, J. Moore, op. cit., p. 36. 

20 cf. A. Smith, op. cit., p. 392. 

21 See A. W. Stewart, op. cit., Vol. 1, pp. 307f. 

22 cf. J. B. Cohen, op. cit., Part 1, p. 102. 

28 A, Smith, op. cit., pp. 147f. 

24 F. J. Moore, op. cit., p. 57. 

25 cf. J. B. Cohen, op. cit., Part 1, p. 234. 
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the surface of water captures and absorbs other floating globules, 
the movements resembling those of an amoeba.”® 

(51.24). Constituent electrons, atoms, etc., persist in charac- 
teristic interactions within organic compounds, (51.241) incor- 
poratively, as when constituent atoms (51.2411) absorb light,?" 
and (51.242) non-incorporatively, as in (51.2421) interactions 
affording a basis for measurements (see 41.2421). Sometimes 
constituent monads are (51.24217) transferred within the or- 
ganic compound, with resultant changes of its properties, as in 
transfer of an electron, proton, or ion from one point of attach- 
ment to another.** The shared electrons indicated by double 
bonds are not transferred.*® The interconversion of prototropic 
forms * suggests a kind of (51.24218, 51.24228) circulation. As 
the organic compounds increase in complexity, the (51.242394) 
mutual interactions of their parts become more important. 

(51.25). Chemical equations record (51.251) progress from 
initial structures to new structures, and nowhere more clearly 
than here does (51.252) functioning promote structuration. Or- 
ganic compounds are (51.253) differentiated with respect to 
(51.2531) geometrical properties in the polarization of light. 
Their structures are often conditioned by absorbed radiations. 
They contain electrons, atoms, and traces of inorganic sub- 
stances.** Complex compounds contain (51.2533) organic rad- 
icles, ** especially important in processes of reproduction. Many 
of the structural formulae exhibit (51.254) gross differentia- 
tions into (51.2541) central and (51.2543) peripheral regions. 
In the more complex compounds (51.255) specialization of func- 
tion is indicated in specific reactions localized in different regions. 

(51.26). Something suggesting (51.261) mutual regulation 
appears in the elimination of a molecule of water whereby the 
acidic character of an amino acid is preserved after the attach- 
ment of a basic element, or the basic character of such an acid 
after the attachment of an acidic element.**? The maximum 
stability of the carbon compounds may indicate a kind of 
(51.262) referential regulation. 

260, R. Darling, ‘‘Inorganic Feeding,’’ Nature, 93, 1914, p. 481. 

27 cf. J. B. Cohen, op. cit., Part 2, pp. 1817f. 

28 A. W. Stewart, op. cit., Vol. 2, pp. 3447. 

29 J. B. Cohen, op. cit., Part 1, pp. 102f. 

30 A. W. Stewart, op. cit., Vol. 2, p. 347. 

31 J. B. Cohen, op. cit., Part 2, p. 253. 


32 cf. F. J. Moore, op. cit., p. 37. 
83 E. Perrier, The Earth Before History, 1925, p. 72. 
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(51.27). The fact that an organic compound grows by taking 
on additional atoms or molecules or is depleted by the loss of 
them is often obscured: because the resultant compound is given 
anew name. The (51.271) limits of growth appear to be fixed 
by conditions of stability and by saturation of valences. 

(51.80). Synthetic chemistry would indicate, if anything, 
that organic compounds appear by (51.31) repeated production. 
There are cases where a compound under the influence of light 
(51.82) splits into two organic compounds,** but the two com- 
pounds usually have little resemblance to the parent compound 
or to one another. In liquid erystals, which may be organic as 
well as inorganic, processes akin to autodivision and (51.3311) 
copulation have been reported.®® Processes where each molecule 
dissociates under the influence of the other ** bear some resem- 
blance to copulation between two unicellular organisms. In 
complex compounds there are (51.34) divisions of constituent 
parts, usually not interpreted as reproductions. 

(51.35). The (51.851) degrees of resemblance and the 
(51.352) variations of organic compounds, have long been stud- 
ied in stereochemistry,*” and are of course the means of (51.853) 
classification. About twenty different amino acids are known.** 

(51.36). From this point on it will be found increasingly 
difficult to arrange the monads of any given level in any uni- 
linear series. Ethylene, for example, belongs to a partial series 
C,rH.n.°® Certain amino acids are very closely related. Glyco- 
coll by introducing CH, becomes alanine, and several amino acids 
may be regarded as alanine derivatives. Amino acids may be 
divided into mono-amino, containing a single NH, group, such as 
glyecocoll and alanine; di-amino, such as arginine and lysine; 
and heterocyclic compounds such as histidine, proline, ete.*° 

(51.87). Limited series of organic compounds can be con- 
structed in two dimensions, with properties exhibiting regular 
changes in both directions. For example: * 

34 ¢.9., J. B. Cohen, op. cit., Part 2, pp. 164f. 

35 K. Jobling, ‘‘ Liquid Crystals,’’ Sci. Am. Supplement, 75, 1913, p. 41. 

86 J. B. Cohen, op. cit., Part 1, p. 114. 

87 ibid., Part 2, Chaps. 3-5. 

38 cf. J. B. Leathes, ‘‘Function and Design,’’ Nature, 118, 1926, p. 519. 

89 A, Smith, op. cit., p. 392. 

40 F,. P. Underhill, Physiology of the Amino Acids, 1915, pp. 19, 21. 


41 For the suggestion I am indebted to L. J. Henderson; for the ex- 
ample, to W. H. Hunter. 
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Oy 45 by Oye OyEe5 Salah 

G52 C,H, C,H, C3H,, 

C,H, C,H, C,H, C,H, 
C,H, C,H, C,H, 


(51.88). The definiteness with which the interactions of 
organic compounds can be followed would make it comparatively 
easy to detect (51.8801) processes or results of (51.3802) re- 
tentions, (51.3803) transferences, ete., of (51.3813) prior mon- 
ads, such as atoms, within the compounds. But the difficulty 
of distinguishing processes of reproduction from those of rejec- 
tion and disintegration, as well as the differences between suc- 
cessive compounds of a series, renders such a study of linkages 
and associations unimportant. 

(51.41). Disintegration of organic compounds may (51.411) 
extend to their constituents, and may (51.412) be hastened by 
interactions with other compounds, as when amino acids upon 
deamination yield carbohydrates.‘ An important point in the 
general argument is (51.413) the ultimate disintegration of 
organic compounds into inorganic molecules or into atoms. 

(51.42). Doubtless under some primitive conditions myriads 
of organic compounds formed vast aggregates. Within such 
aggregates, some of the compounds were probably (51.43) inte- 
grated into molecular complexes. At least one hundred artificial 
polypeptids which have been synthesized ** make this seem 
plausible. Outstanding is the synthesis, by E. Fischer in 1907, 
of eighteen amino acids to form an ‘‘octadecapeptid’’ of molecu- 
lar weight 1213.44 His amino acids were linked together by 
(51.431) condensing the carboxyl group of each acid with the 
amino group of its neighbor after (51.432) dehydration of 
hydroxyl and amino groups. It is generally agreed that this 
marks a decisive step on the way to synthesis of the proteins.*® 
We shall see that the molecular complexes under certain condi- 
tions include colloids; according to Moore, the properties of 


42, P. Underhill, op. cit., p. 111. 

43 H. Fischer, ‘‘Synthetical Chemistry in Its Relation to Biology,’’ Chem. 
Soc. Lond., Transac., 91 (2), 1907, p. 1761. 

44. Fischer, ‘‘Synthesis of Polypeptids,’’ Chem. Soc. Lond., Proc., 23, 
1907, p. 82. 

45 F. P. Underhill, op. cit., p. 25. 

46 cf. J. B. Conant, Organic Chemistry . . ., 1928, p. 276 
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colloids can be traced to feeble molecular affinities between the 
molecules causing them to unite into multi-molecules or solution 
ageregates.*7 The molecular complexes probably also include 
at least some enzymes; Mathews thinks that the amino acid ar- 
ginine may be a raw substance from which some very important 
enzymes are made.*® 

(51.44). The organic compounds may (51.441) remain con- 
Spicuous as constituents of the new monads, or (51.442) new 
organic compounds may be differentiated there. 


47 B. Moore, The Origin and Nature of Life, p. 138. 
48 A. P. Mathews, in E. V. Cowdry, ed., op. cit., p. 83. 


CHAPTER IX 


Mo.LECULAR COMPLEXES, INCLUDING ORGANIC COLLOIDS 


“We spoke of the ‘life curve of colloids,’ of ‘aging phenomena,’ 
‘death,’ ‘individual properties,’ etc., and it might. appear that these 
are only similes borrowed from the organized world. In my opinion 
the relationship is closer, and I believe that we may obtain a more 
profound understanding of the phenomena of life... by a study of 
such phenomena in colloids.” 

H. Bechhold, Colloids in Biology and Medicine, 1919, p. 74. 


(52.00). Because of the gap in complexity between amino 
acids and the simplest known living organisms, there have been 
many theories concerning intermediate monads. The identifi- 
cation of these monads is doubtful, but it may be assumed that 
they include peptones and proteins, or primitive compounds cor- 
responding to these. Bechhold says that peptones are to some 
extent colloidal, and proteins are nitrogenous colloids.1 But 
colloidal properties are also found in inorganic compounds, and 
the colloidal state involves certain structural features and proc- 
esses shared by monads of several levels. Something similar 
can be said of catalysts, among which are the enzymes, appar- 
ently closely related to peptones.? E. Fischer held it to be in 
a measure probable that enzymes are derived from proteins and 
possess a protein-like character. According to Horowitz and 
Cohnheim, enzymes, like proteins, are colloids.* Falk thinks 
that enzyme action is due to certain definite groupings in a more 
or less complex molecule, where the groupings can be modified 
by various conditions, including the colloidal. Troland says it 
is probable that the genetic enzymes must be identified with the 


1H. Bechhold, Colloids in Biology and Medicine, transl. J. Bullowa, 1919, 
pp. 142, 166. 

2L. Kahlenberg, Outlines of Chemistry, 1913, p. 259. 

3H. Fischer, Chem. Soc. Lond., Transac., 91 (2), 1907, p. 1763. 

4B. Horowitz, ‘‘What are Enzymes?” Sci. Mo., 6, 1918, p. 256; O. 
Cohnheim, Eneymes, 1912, p. 20. 

5 See B. Horowitz, op. cit., p. 259. 
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nucleic acids. T. H. Morgan says that some speculative caleu- 
lations seem to show that the order of magnitude of the gene is 
near that of the larger sized organic molecules, although the 
gene may be a collection of organic matter not held together in 
chemical combinations.’ Filterable viruses, too, may perhaps 
be monads of this level.® 

(52.10). ‘‘In contrast to erystalloids,’’ says Bechhold, ‘‘every 
colloid is a particular individual.’’® But the individuation of 
primitive colloids is (52.11) relative to (52.111) a milieu, pre- 
sumably of water or pores of the moist soil.2° Colloids exhibit 
their characteristic processes in media or solvents; no colloid 
can exist in an organism without water and salt.1+ These mon- 
ads doubtless had (52.112) supplies of organic compounds from 
which to obtain energies. The isolation of one enzyme, urease, 
is reported.1?, Among (52.113) cognate monads, there appears 
a (52.1181) dyadic relationship of relatively active and inactive 
complexes. Mathews thinks that proteins may have active and 
unreactive forms, although they have not been isolated; he calls 
attention to the different behavior of proteins within the living 
cell and outside it.** In general, colloids of the suspensoid 
group are less readily absorbed than those of the emulsoid group ; 
the latter are usually surface-active while the former are not.** 
According to Falk, the inactivation of enzymes is due to an 
internal rearrangement of certain of the atoms in molecules, 
and the grouping involved is to be found in all proteins.** 
Sometimes the contrast seems sharp, as with toxins and anti- 
toxins, but Bechhold says that many moot questions concerning 
the latter can be explained in terms of adsorption.*® Nucleic 
acid is at the next level an essential constituent of nuclein, which 

6L. T. Troland, ‘‘ Biological Enigmas and the Theory of Enzyme Ac- 
tion,’’ Am. Nat’st, 51, 1917, p. 342. 

7 T, H. Morgan, The Theory of the Gene, 1928, PP. 320f. 

8cf. J. H. Smith, Nature, 123, 1929, p. 633. 

9H. Bechhold, op. cit., p. 73. 

SUM Eig OF Ginerinn Onn of the Earth, p. 257. 

11 H. Bechhold, op. cit., p. 130. 

12 J. B. Sumner, ‘‘The Isolation and Crystallization of the Enzyme 
Urease,’’ Jour. Biol. Chem., 69, 1926, p. 435/f.; but cf. R. A. Gortner, 
Outlines of Biochemistry, p. 718. 

13 A, P. Mathews in E. V. Cowdry, ed., General Cytology, p. 33. 

14R. S. Lillie, Protoplasmic Action and Nervous Action, 1923, p. 81. 


15 B. Horowitz, op. cit., p. 259. 
16 H. Bechhold, op. cit., p. 31. 
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has been identified with chromatin.17 Under local conditions, 
particularly in cells, there may be excess of either kind of 
molecular complex without affecting the fundamental dyadic 
relationship. 

(52.12). Proteins have not been completely synthesized, al- 
though the synthesis of the type may be said to have been accom- 
plished.** Compounds which do the work of enzymes have been 
artificially prepared.’® So the individuation of these monads 
is probably convergent. 

(52.13). Of the different grades of i ee the (52.1311) 
simplest are evidently the dipeptid compounds formed of two 
amino acids.2° Other polypeptids are (52.1312) more elaborate, 
containing various numbers of amino acids.?4_ Some proteins 
are thought to exhibit (52.1813) ring structure.?? Mixtures or 
cultures of such complexes or of peptones, proteins, enzymes, 
ete., may be regarded as (52.132) compound. Here also belong 
colloidal substances in solution, whether in a dispersed (sol) 
or concentrated (gel) phase, and whether forming a suspension, 
emulsion, foam, gum, or other characteristic pattern.?* Proteins 
are (52.133) complex or (52.1333) very complex monads of this 
level. Warden says that bacterial toxins have been shown to 
consist of colloidal aggregates of specific fats of bacterial cells 
with particles, usually protein, of a certain size.*4 

(52.14). Because of the intricate organization of these molec- 
ular complexes, their individuation is particularly affected by 
their other monadic characteristics. 

(52.20). Interactions at this level are selective, depending 
if chemical upon valences, and if physical upon conditions such 
as ionic concentration. 

(52.21). Of appropriations we consider first (52.211) the in- 
corporative, which include absorption of (52.2111) portions of 

17 See notes 91 and 93, below. 

18E. F. Armstrong, ‘‘The Structural Units of the Body,’’ Nature, 111, 
1923, p. 769. 

190. ©. Warden, ‘‘The Nature of Alcoholic Fermentation,’’ Am. Jour. 
Physiol., 57, 1921, pp. 4547. 

20K, P. Underhill, Physiology of the Amino Acids, p. 25. 

21 J. B. Cohen, Organic Chemistry for Advanced Students, 1928, Vol. 3, 

oe. 
x 22 R. A. Gortner, op. cit., pp. 3457f. 

23 cf. R. Zsigmondy, The Chemistry of Colloids, Part 1, transl. E. B. 
Spear, 1917, pp. 277. 

24C, C. Warden, op. cit., p. 466, 
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the environment, such as light-waves, electrons, atoms, ete. Ac- 
cording to Loeb, the chemistry of proteins does not differ from 
the chemistry of erystalloids.2> Falk thinks that enzyme action 
is fundamentally a chemical reaction based on chemical proper-— 
ties,?* but others would treat it as physical (see 52.212). Where 
the absorbed molecules are organic compounds, we have (52.2112) 
ineorporative appropriation of prior monads. Because the com- 
plex protein molecules develop marked surface properties,?" 
some (52.212) non-incorporative appropriations become promi- 
nent in the process of adsorption, especially of (52.2121) por- 
tions of the environment. Attention is sometimes directed to 
aggregates or masses of colloid particles, rather than to indi- 
vidual molecular complexes, but the former after all involve the 
latter.2* Adsorption is essentially oriented attachment of mole- 
cules to surfaces.2® According to Moore, the distinguishing 
feature of colloids is that the molecular unions shall be of feeble, 
unstable kind.*® According to Bechhold, adsorption may be a 
purely physical, as distinct from a chemical, process; no line 
can be drawn between them.*! Loeb maintained that proteins 
behave like colloids because of unequal distribution of diffusable 
erystalloidal ions,?> but Hoffman and Gortner think that the 
chemical properties of proteins are limited to a certain range of 
hydrogen ion concentration, and that outside this range the 
protein reacts by adsorption.®*® Sometimes (52.2123) proteins 
are adsorbed.*° Enzymes, at least in cells, may act non-incor- 
poratively, as when agglutinins clump typhoid bacteria together 
and precipitate them.** 


25 J. Loeb, ‘‘The Explanation of the Colloidal Behavior of Proteins,’’ 
Science, 56, 1922, p. 740. 

26 See Nature, 116, 1925, p. 238. 

27 H. Bechhold, op. cit., pp. 11-19. 

28 cf. R. A. Gortner, ‘‘ Adsorption and Vital Phenomena’’ in Mayo Foun- 
dation, Lectures on the Biologic Aspects of Colloid and Physiologic Chem- 
istry, 1927, p. 136. | 

29 R. S. Lillie, review of W. M. Bayliss, Interfacial Forces and Phenom- 
ena in Physiology, Science, 62, 1925, p. 84. 

30 B. Moore, Origin and Nature of Life, p. 130. 

81 See H. Bechhold, op. cit., pp. 26, 31. 

32 W. F. Hoffman and R. A. Gortner, ‘‘Physico-chemical Studies on Pro- 
teins,’? National Symposium on Colloid Chemistry, Monographs, Vol. 2, 
esp. p. 358. 

33 H. Bechhold, op. cit., p. 145. 

84 ibid., p. 193. . 
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(52.22). Processes of rejection are in general like those of 
other monads; for instance, (52.2206) an appropriation may 
have the effect of a rejection and disintegration, as in the cleay- 
age of a protein by an enzyme.** According to Bridges, each 
gene in an organism is essentially a factory, (52.2212) delivering 
a characteristic set of chemical products.** There are (52.2224) 
non-ineorporative rejections when the enzymic bacteriolysins 
dissolve cholera bacteria.** 

(52.23). The complexity of these monadgs makes possible 
many combinations of appropriations and rejections. Typical 
processes may be (52.23111, 52.23211, ete.) repeated up to the 
points of saturation or of maximum entropy.*7 The enzyme 
trypsin apparently (52.2313893) reinforces pepsin,*® although the 
action may be traceable to impurities.°® According to Bechhold, 
a purely mechanical adsorption demands that the process be 
completely (52.23213) reversible.*° Moore thinks that probably 
even ‘‘irreversible’’ colloids can be reversed if treated delicately 
enough.*? Sometimes a substance which lowers surface tension 
will (52.23216) displace another substance.*? Colloids in solu- 
tion behave like ions in electrolysis, (52.23217) moving toward 
the anode or the cathode.** If the substances adsorbed are 
cognate monads, sometimes (52.2323891) several adsorbents com- 
pete for a single substance; ** (52.232392) one colloid appar- 
ently adsorbs another when it protects it;* and (52.232394) 
emulsions of oil in water are converted into emulsions of water 
in oil by varying the proportions of certain electrolytes.*® Physi- 
eal and chemical processes may be (52.233) combined. Accord- 
ing to Bayliss, a simple reversible adsorption often precedes a 
more intimate chemical union.*? 


35 tbid., p. 166. 

86 ©, B. Bridges, ‘‘The Origin of Variations in Sexual and Sex-Limited 
Characters,’’ Am. Nat’st., 56, 1922, p. 51. 

87 cf. J. Walker, Introduction to Physical Chemistry, 1922, p. 405. 

38 cf, J. Effront, Biochemical Catalysts in Life and Industry, transl. S. 
C. Prescott and C. S. Venable, 1917, p. 490. 

89 H. Bechhold, op. cit., p. 183. 

40 ibid., p. 199. 

41 B, Moore, op. cit., p. 142. 

42D, W. Thompson, On Growth and Form, 1917, p. 279. 

43 H. Bechhold, op. cit., p. 77. 

44 ibid., p. 199. 

45 See ibid., pp. 7, 36. 

46 ibid., p. 38. 

47R. 8. Lillie, op. cit., p. 240. 
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(52.24). Various constituent monads persist in characteristic 
interactions. Troland explains enzyme action partly in terms 
of the spreading and weakening of the fields of force of a mole- 
eule due to their (52.2411) interaction with surface fields.*® 
Combinations of persistent appropriations and rejections may 
be seen when some proteins (52.24113) turn the plane of polar- 
ized light,*® and some enzymes are optically active.°° The nature 
of constituent amino acids determines (52.2412) the acid- and 
base-binding capacity of different proteins. Adsorption can be 
analyzed into (52.2421) electrochemical action at a surface, 
(52.24213) reversible with differences of concentration.*+ Ac- 
cording to Thompson, a colloid because of its intrinsic hetero- 
geneity must manifest energy in (52.24217) the ceaseless move- 
ment and rearrangement of its parts.°? 

(52.25). The interactions of (52.251) the complexes with 
which we start are enregistered in their later structures. Cases 
of (52.252) functioning promoting structuration are evident in 
the changes of form in proteins or colloids wherever interactions 
involve (52.2521) local alterations of surface tension,®* for ex- 
ample, in the effects traceable to the antagonisms of sodium and 
calcium salts.°* According to Moore, concentration with its 
attendant pressure favors union and the building up of large 
molecules which drop out of a solution as particles.°> Optical 
activity shows the importance of (52.2531) geometrical proper- 
ties. According to Moore, proteins contain inorganic matter; °° 
Underhill says that some, though not all, contain (52.2532) ear- 
bohydrate groups.5? J. B. Leathes says that the best known 
varieties of proteins when detached consist of chains of about 
100 or 200 amino acids.°® The work of Harden and Young 
makes it evident that some enzymes consist of a erystalloidal and 
(52.2533) a colloidal constituent.°® According to Mathews, pro- 

48L, T. Troland, op. cit., p. 335. 

49}, P. Underhill, op. cit., p. 3. 

50 QO. Cohnheim, op. cit., p. 53. 

51H. Bechhold, op. cit., pp. 27, 29, 79. 

52D. W. Thompson, op. cit., p. 162. 

53 H.. J. Allen, Brit. Ass’n, Report, 1922, p. 82. 

54R. 8. Lillie, op. cit., p. 176. 

55 B, Moore, op. cit., p. 146. 

56 ibid., pp. 154f. 

57 F, P. Underhill, op. cit., p. 109. 


58 J. B. Leathes, Natwre, 118, 1926, p. 519. 
59 H. Bechhold, op. cit., p. 191. 
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tamins as well as other proteins may each be composed of a 
number, perhaps about eight, tripeptide groups. 

Although Thompson says that in a micro-organism of a diam- 
eter of one-tenth of a micron or more there can be no essential 
distinction of structure between interior and surface layers, 
the prominence of surface properties in colloids is enough to 
show that on a scale appropriate to monads of this level and 
their constituent monads there are (52.254) gross differentia- 
tions into (52.2541) central and (52.2548) peripheral portions. 
Allen has supposed that as the molecules grew more complex 
by the progressive linkage of carbohydrates the organic sub- 
stance for physical reasons assumed the colloid state, with a 
surface tension different from that of the surrounding water.” 
J. G. Adami represented a protein molecule as a ring or chain 
of linked peptone molecules, each having its (52.2542) ring of 
glycocoll nuclei with swinging side-chains.** In some substitu- 
tions, substituents seem to be interposed between a central atom 
and an acid residue.** Differentiations of structure are correlated 
with (52.255) specializations of function in (52.2553) surface 
properties of colloids. One colloid may serve as a ‘‘protec- 
tive colloid’’ for another.®° That the action of enzymes is 
exerted at their surfaces is shown by experiments made in liquids 
in which the enzymes, insoluble in the usual sense, are active.® 
In dealing with such processes it is frequently necessary to em- 
ploy (52.2554) statistical rather than detailed descriptive meth- 
ods. 

(52.26). According to Bechhold, all albumins are amphoteric 
electrolytes, and the isoelectric point is characteristic for each 
albumin ; ®’ this suggests (52.261) mutual regulation. The sur- 
face properties of colloids indicate (52.262) referential regula- 
tion.*® Adsorption is changeable with the concentration of the 
dissolved substance; this indicates (52.263) regulation with ref- 

60 A, P. Mathews, in E. V. Cowdry, ed., General Cytology, pp. 84f. 

61D, W. Thompson, op. cit., p. 43. 

62K. J. Allen, op. cit., p. 82. 

68 J, G. Adami, Nature, 99, 1917, p. 497. 

64 A, Werner, New Ideas in Inorganic Chemistry, transl. E. P. Hedley, 
1911, pp. 55. 

65 H. Bechhold, op. cit., pp. 7, 36. 

66 W. M. Bayliss, ‘‘The Physiological Importance of Phase Boundaries,’’ 
Nature, 96, 1915, p. 67. 


67 H. Bechhold, op. cit., p. 145. 
68 cf, H. Bechhold, op. cit., p. 27. 
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erence to something in the milieu. The phase rule of Willard 
Gibbs gives conditions of equilibrium in terms of relations be- 
tween phases and components. According to Henderson’s inter- 
pretation, other things being equal, the stability of a system 
increases with the number of phases and also the number of 
restrictions upon the intensities of its energy and upon the con- 
centration.®® 
(52.27). According to Bidder, protein adds to itself rhyth- 
mically, alternately accumulating energy from the environment 
and expending it in the formation of a new molecule. This 
rhythm of energy is accompanied by a rhythmical expansion and 
contraction of volume.” Colloids may increase in size by either 
physical or chemical processes.71 Genes in chromosomes exhibit 
the power of growth.”* The reversibility of adsorption indicates 
that the colloidal processes reach (52.271) limits, evidently 
determined by conditions in the solvent as well as by properties 
of the adsorbent. , 
(52.31). Warden says that no doubt it will be shown that 
every change in the colloidal state of a sol will give rise to new 
enzymes."? This might suggest repeated production; Schafer 
says that in a mass of colloidal slime exhibiting assimilation 
and growth, (52.382) reproduction would follow as a matter of 
course, since all material of this physical nature has a tendency 
to undergo subdivision when its bulk exceeds a certain size. 
The (52.8218) decomposition of a protein or polypeptid into 
amino acids may resemble the process of spore-formation, but is 
usually not thought of as a process of reproduction. Genes in 
chromosomes evidently multiply when they are distributed to 
new generations of cells.”® | 
(52.384). New molecules of organic compounds are sometimes 
69 LL. J. Henderson, Order of Nature, pp. 136f. 
70K. J. Bidder, Presidential Address, reported in Nature, 120, Septem- 
ber 3, 1927, Supplement, p. 23. 
71K. J. Allen, op. cit., p. 82. 
72 See E. S. Goodrich, ‘‘Some Problems in Evolution,’’ Science, 54, 1921, 
. 033. 
: 780. C. Warden, op. cit., p. 465. 
74H. A. Schafer, President’s Address, Brit. Ass’n, Report, 1912, p. 18; 


cf. E. J. Allen, op. cit, p. 82. 
76 T, H. Morgan, op. cit., p. 27. 
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formed within molecular complexes during the interactions of 
the latter.’® 

(52.35). Proteins exhibit various (52.351) degrees of re- 
semblance. Arginine has been found in all proteins, although 
apart from this constituent they (52.352) differ enormously in 
the amount and character of the amino acids they contain.” 
According to Underhill, proteins differ widely in magnitude, 
from a simple protein like albumin to a conjugated protein like 
haemoglobin.** According to Warden, an antibody may be in 
one instance an antitoxin, in another a complement-fixing sub- 
stance, or a precipitin, or an agglutinin, according as it operates 
at one extreme or the other of the colloid realm.”® Troland 
thinks we must recognize the possibility of an indefinite number 
of degrees of zymicity.®°° Leathes says that even a simple protein 
might have 10% different forms.*! It is obvious that such data 
are valuable for (52.353) classification. 

(52.36). Mathews says that by properly adjusting the hy- 
drogen ion concentration in the staining solution it would be 
possible to differentiate (52.3622) proteins of different degrees 
of basicity—for example, to stain protamin, but not histon; or 
both these, but not ordinary proteins; or all of these, but not an 
acid protein like casein.*? According to a number of writers, 
there are continuous transitions between crystalloids and col- 
loids, and between colloids as sols and as gels.§* According to 
Underhill, by continual union of amino acids (52.36322) infinite 
possibilities of building complex peptides are presented.** 

(52.387). According to Hedges and Myers, a row of tubes 
of colloid solution show in the so-called Holkers effect alternating 
groups of thick and clear regions when each tube is given a 
stronger dose of electrolyte than its left-hand neighbor had. 
These authors refer rhythmic reactions tentatively to effects of 

76 ¢.g., A. W. Stewart, Recent Advances in Organic Chemistry, Vol. 1, 

» 275. 
‘i 77 A. P. Mathews, in E. V. Cowdry, ed., op. cit., p. 83. 

78 F, P. Underhill, op. cit., pp. 4, 24; cf. J. B. Conant, Organic Chem- 
istry, 1928, pp. 281f. 

79C. C. Warden, op. cit., p. 467. 

80L. T. Troland, Monist, 24, 1914, p. 119. 

81 J. B. Leathes, op. cit., p. 519. 

82 A, P. Mathews, op. cit., p. 84. 

83 See L. T. Troland, Am. Nat’st, 51, 1917, p. 336; R. S. Lillie, op. cit., 
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a varying surface tension, which they take to be a periodic 
function of the strength of a solution.® 

(52.38). Processes or results of retentions, transferences, etc., 
of prior monads might be traced by examining different molecu- 
lar complexes, but the study here, as in the case of organic com- 
pounds, would have little value. 

(52.41). According to Verworn, the proteids and their com- 
pounds known to us are comparatively simple stable compounds 
which never undergo ?? (52.411) spontaneous decomposition as 
long as they are protected from outward injury.®* Colloids, 
however, are metastable systems which tend to become stable. 
Colloids undergo ‘‘aging’’ processes in which sols coagulate and 
gels exhibit changes of elasticity. In the ‘‘death’’ of a colloidal 
system, sometimes the particles become smaller.** Proteins un- 
dergo hydrolytic cleavage by acids, alkalis and (52.412) en- 
zymes.®* In a colloidal system sometimes the electrolytes act 
disruptively.6® The process of (52.418) disintegration into the 
milieu presents special difficulties, owing to the stability of some 
of these systems; but disintegration into the inorganic may be 
taken to be the ultimate fate of all organic forms. 

(52.42). Particles of protein cohere and form larger aggre- 
gates which condense at surfaces, forming films of modified 
protein.*° Aggregations of colloids are studied in solutions. 
Primitive colloids may be regarded as forming huge aggregates 
in the primitive sea water or moist soil. 

(52.43). Doubtless it is within such aggregates that molecular 
complexes of the grade of proteins, like albumin, and of com- 
pounds like nucleic acid, unite in monads of the next level, such 
as nuclein or chromatin, which are regarded by Halliburton as 
identical,®** and which, as we shall see, may be called infracellular 
organisms. According to Bechhold, nuclein is not a definite 

85J. Masson, ‘‘The Chemistry of Rhythmic Action’’: review of E. 8. 
Hedges and J. E. Myers, The Problem of Physicochemical Periodicity, Na- 
ture, 119, 1927, pp. 267f. 

86 M. Verworn, ‘‘ Physiology,’’ Encyc. Brit.,11 Vol. 21, p. 557. 

87 H. Bechhold, op. cit., pp. 72f. 

88 ibid., p. 166. 

89 ibid., p. 73. 

90 R. S. Lillie, op. cit., p. 82. 

91 W. D. Halliburton, ‘‘The Chemistry of the Cell Nucleus,’’ Science 
Progress, 4, 1909, 201. Gortner, Outlines of Biochemistry, p. 362, says 


that nucleoproteins like nuclein make up in large measure the substance of 
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chemical combination, but a colloid compound, consisting of 
(52.431) a negative and positive colloid.*? Mathews says that 
chromatin apparently consists always of a salt of a nucleic acid 
with a protein base.°* There may be various products of inte- 
gration. Bechhold says that nucleins occur in combination 
with acid nucleins as nucleoproteins and nucleohistones.®? But 
these variations do not affect the fact that molecular complexes 
like proteins are integrated in new monads. OC. Snyder has said 
that the problem of the genesis of terrestrial life has become that 
of the origin of the enzymes, whose simple collocation into plas- 
tids, protomeres, biophores, or granules constitutes the primary 
living units.% 

(52.44). Within the new monads, constituent molecular com- 
plexes may (52.441) persist; or new molecular complexes may 
(52.442) be formed by differentiation. 

92 H. Bechhold, op. cit., p. 160. 


93 A. P. Mathews, op. cit., p. 74. 
94C. Snyder, ‘‘Life Without Oxygen,’’ Sci. Prog., 6, 1911, p. 134. 


CHAPTER X 
INFRACELLULAR AND UNICELLULAR ORGANISMS 


“The evidence from every source demonstrates that the cell is a 
complex organism, a microcosm.” 


BK. B. Wilson, The Physical Basis of Life, 1923, p. 4. 


(53.00). Just as in the third cosmogonic level material struc- 
tures begin, so here in the third biotic level ‘‘living’’ structures 
begin. The latter will be assumed to include infracellular or- 
ganisms, resembling at least approximately some constituents of 
cells,t and the more familiar unicellular organisms or Protozoa. 
Not all unicellular organisms have nuclei, but after the nucleus 
develops, even allowing for organic interdependence, it seems 
to be, on the whole, more essential than the cytoplasm.? 

(53.10). The individuation of these organisms is (53.11) rel- 
ative to (53.111) their environments; no hard and fast line sep- 
arates them from it. The environment may even at the present 
time include (53.112) prior biotic monads.* Individuation rela- 
tive to (53.113) cognate monads appears prominently in certain 
(53.1181) dyadic relationships of relative activity and inactivity. 
According to a number of writers, one of the earliest qualitative 
differences between the chromatin granules in the cell was that 
some influenced kinetic functions and others trophic activities.* 
The relationship appears in the contrast of motile and sessile 
forms, as well as younger and older organisms, and is prominent 
whenever there is a struggle for existence. Geddes speaks of 
three great pathways of unicellular evolution—an active Infu- 
sorian line, a sluggish Sporozoon line, and a medium Amoeboid 
line.® 

1K, A. Minchin, ‘‘The Evolution of the Cell,’’ Brit. Ass’n, Report, 
1915, pp. 450-4. 

2See A. B. Macallum, ‘‘Evolution Traced Biochemically,’’ in E. V. 
Cowdry, ed., Human Biology and Racial Welfare, 1930, p. 46; and our 
notes 56 and 62, below. 

3 cf. T. C. Chamberlin, The Origin of the Earth, p. 244; HE. A. Schafer, 
Brit. Ass’n, Report, 1912, p. 18. 

4E. A. Minchin, op. cit., p. 459. 

5 J. A. Thomson, The System of Animate Nature, 1920, Vol. 2, p. 388. 
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(53.12). In the preceding chapter we have treated infra- 
cellular and unicellular organisms as integrated from prior mon- 
ads; but cells which are at least in general comparable to the 
unicellular organisms are differentiated within multicellular or- 
ganisms. Moreover chromatin,’ chondriosomes,® etc., are found 
in cells. Accordingly the individuation of these monads seems to 
be convergent. 

(53.13). Evidently there are different degrees of complexity. 
Concerning (53.1381) simple forms there have been many hy- 
potheses. ‘‘Almost without exception,’’ says Wilson, ‘‘the 
structure [of protoplasm] has been conceived as having a me- 
ristic or particulate character ... , the living substance being 
assumed to contain or be built up from a multitude of minute 
diserete corpuscles which have commonly been assumed to be of 
a higher order of complexity than the molecules of proteins and 
other organic compounds.’’ He goes on to mention arguments 
from longitudinal fissions of cells, from ultra-microscopie work, 
and from evidence of ‘‘filter-passers.’’* J. A. Thomson says: 
‘“‘It is quite certain that most of the Protozoa . . . are the results 
of long-continued evolution. We may eall them unicellular or 
non-cellular, but they are masterpieces of complexity. The prob- 
lematieal first organisms were not like them.’’® The names which 
have been suggested for organisms more or less definitely infra- 
cellular include Darwin’s gemmules,’’ De Vries’s ‘‘pangens,’’ 
Haeckel’s ‘‘plastidules,’’ Weismann’s ‘‘biophores,’’ Hertwig’s 
‘“idioblasts,’’ Nageli’s ‘‘micellae,’’ ° Altmann’s ‘‘bioblasts,’’+° pos- 
sibly Wilson’s ‘‘self-perpetrating (sic) protomeres,’’ 1+ Minchin’s 
‘*biocoeci,’’ 12 Snyder’s anaerobic forms,1* and F. J. Allen’s 
‘‘diffuse substances trading in energy.’’?4 The number and — 
weight of these hypotheses is hardly to be disregarded; and a 
provision for different degrees of complexity of organization of 
monads of this level accommodates them. 

6E. B. Wilson, The Cell in Development and Heredity, 1925, pp. 457f., 
7067. This work will hereafter be cited as CDH. 

7K. B. Wilson, CDH, pp. 717-20. 

8 J. A. Thomson, op. cit., Vol. 2, p. 387. 

9K. B. Wilson, CDH, p. 718, n. 1. 

10 ibid., pp. 75, 720. 

11 jbid., p. 722. 

12 KH. A. Minchin, op. cit., p. 454. 

13 ©, Snyder, Sci. Prog. 6, 1911, pp. 1077f. 


14, J. Allen, ‘‘ Where did Terrestrial Life Begin?’’, Nature, 109, 1922, 
p. 207. 
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The question concerning the (53.1311) simplest forms may be 
treated by arguments pointing from two directions toward chro- 
matin, perhaps even without the enveloping plasm of the present 
cells. First, albumin and nucleic acid are apparently (53.13111) 
integrated into nuclein, which at any rate closely resembles chro- 
matin (see 52.48). Second, in studying cells Minchin found 
that the (53.18112) ‘‘chromatinic constituents of the cell con- 
trast with all the other constituents in at least three points— 
physiological predominance, especially in constructive metab- 
olism ; specific individualization ; and permanence,’’ that is, per- 
sistence throughout the life-cycles of all organisms. Minchin 
accordingly regarded the chromatin elements as the primary and 
essential constituents of living organisms, and at least the pres- 
ent representatives of primitive ancestral free-living forms.* 
It seems reasonable to suppose that there were (53.1312) elab- 
orate syntheses of proteins and nucleic acids (see 52.43), which 
by (53.13121) integration formed other simple infracellular or- 
ganisms like those inferred in the hypotheses mentioned. Per- 
haps some of these organisms, too, are (53.131201) of the grade 
of chromatin, or (53.131202) chromidia, or (53.181203) chromo- 
somes. Wherever they are classified, the chromosomes, which 
are here regarded as parallels of helium atoms or perhaps other 
rare gases in the cosmogonic realm, are very important among 
organisms. There have been a number of theories such as Bo- 
veri’s, to the effect that chromosomes or certain prototypes of 
them were (53.1312031) free-living biological individuals.1® As 
we saw, chromosomes (53.1312032) are essential constituents of 
the more highly developed cells. Chromosomes sometimes 
(53.1312033) escape from nuclei,’? and (53.1312034) have im- 
portant parts in the reproductive processes, sometimes of uni- 
cellular, but more often of multicellular organisms (see 54.332). 
As regards (53.1313) larger monads formed directly from pro- 
teins and nucleic acids, the hypotheses of non-nucleated cells, 
plasma, or colloidal aggregates are plausible. Monads of this 
level undoubtedly are (53.182) compounded in local aggregates, 
as when (53.18211) zoogloea-like colonies of biococei are 
formed,*® or (53.18212) bacteria are precipitated by agglutinin.’® 

15 E. A. Minchin, op. cit., pp. 453f. 

16 ibid., p. 448. 

17 T, H. Morgan, Theory of the Gene, p. 47. 


18 See E. A. Minchin, op. cit., p. 456. 
19 H. Bechhold, Colloids in Biology and Medicine, p. 193. 
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Infracellular compound forms are perhaps precursors of 
(53.183) complex unicellular forms at this level. Since chro- 
mosomes are made up of chromatin granules, examples of 
2? (53.1381) early complex forms might be afforded by 
(53.138311) combinations of granules in primitive free-living 
prototypes of chromosomes. Or, if such forms be taken as 
simple, complex forms are afforded by some of their combina- 
tions into primitive or later unicellular organisms. Hither 
chromosomes or cells may be (53.18312) formed by differentia- 
tion within later multicellular organisms. Some of the Protozoa, 
with chromosome threads in their nuclei,?®? may be regarded as 
(53.1333) still more highly complex forms. 

(53.14). The individuation of such monads is manifestly af- 
fected by their other monadiec characteristics. 

(53.20). We shall not attempt always to distinguish between 
the interactions of infracellular organisms, unicellular nuclei, 
and unicellular organisms with cytoplasm. The interactions of 
infracellular organisms are doubtless like those of unicellular 
organisms, only simpler. Minchin attributed to each of the 
primitive biococci the fundamental properties of living organ- 
isms in general.** The interactions of cells are selective; Thom- 
son thinks that in this way they may evade the law of entropy.”? 

(58.21). Unicellular organisms (53.211) absorb (53.2111) 
inorganic matter, (53.2112) organic matter, and sometimes 
(53.2118) other cells.22 Appropriations of (53.2114) multi- 
cellular organisms by bacteria may be studied here, or in the 
later monads. The (53.212) non-incorporative appropriations 
are best seen in adhesions to (53.2121) environmental objects or 
to (53.2123) other organisms. 

(53.22). The (53.220) general remarks concerning rejection 
are all relevant here—especially that (53.2203) an essential type 
of rejection is ejection or excretion, a process secondary to 
ingestion, that the whole process raises (53.2205) questions of 
the limits of individuation, and that (53.2206) appropriations 
may lead to rejections and disintegration, or death. Rejections 
correspond, on the whole, to appropriations. Jennings says we 
find two chief classes of reactions, positive and negative; one 
maintains the organism in contact with the stimulus, the other 

20 cf. E. B. Wilson, CDH, p. 210. 

21H. A. Minchin, op. cit., p. 458. 


22 J, A. Thomson, op. cit., Vol. 1, p. 114. 
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removes it from the stimulus.** Any expenditure of energy may 
be viewed as (53.221) incorporative rejection, or ejection, or 
excretion of (53.2211) inorganic and (53.2212) organie mate- 
rials. The organisms may lose genes and (53.2213) chromo- 
somes. Jennings notes an escape of an amoeba from another 
amoeba.2? Non-incorporative rejections are seen in (53.222) 
mechanical repulsions of (53.2221) portions of the environment, 
ete., and also in eollisions with (53.2223) other organisms. 

(53.23). The life process exhibits all manner of combinations 
of appropriations and rejections, which need not be detailed in 
full. Combinations of (53.23116, 53.23126, 53.23136) different 
appropriations and rejections appear in metabolism. The mo- 
tions of organisms may be with reference to (53.23217) their 
environment, to (53.23227) prior monads, or to (53.23287) cog- 
nate monads. Chromatin in cells, at least, exhibits (53.23128) 
periodic processes of retention and release of nucleic acids,”®> and 
many bacteria pass through complicated ‘‘life-cycles.’’?* Inter- 
actions with cognate monads include (53.231391, 53.232391) pre- 
emptions, where one dominates or crowds another out in the 
‘‘struggle for existence’’; (53.231392, 53.232392) conflicts; 
(53.231393, 53.232393) cooperations; and (53.231394, 53.232394) 
exchanges, so that an organism which was appropriating is ap- 
propriated. Heidenhain and others have maintained that basic 
chromatin and acidic chromatin are convertible.27 Especially 
important are (53.283) interactions with the environment when 
an organism moves through it, appropriating food and excret- 
ing waste as it proceeds. 

(53.24). Constituent monads or differentiated parts of or- 
ganisms persist in (53.241) inecorporative appropriations or re- 
jections of (53.2411) portions of the milieu, when light, atmos- 
pherie nitrogen, water, etc., are absorbed, or when energy is 
expended or any inorganic matter eliminated by specific con- 
stituents. The ingestion of a bacterium by an amoeba can be 
interpreted electrochemically.*® There are interactions with 
(53.2412) carbon dioxide and (53.2413) proteins. Persistence 
of (53.242) non-inecorporative appropriations and rejections ap- 

24 ibid., p. 262. 

25H. B. Wilson, CDH, p. 653. 

268, Waksman, Principles of Soil Microbiology, 1927, pp. 57f., 130. 

27. B. Wilson, CDH, pp. 88f.; cf. The Cell in Development and In- 
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pears in (53.2421) measures; in (53.2422) protoplasmic stream- 
ing; *° and in (53.2423) adsorption of colloids.*° Any of these 
processes may be marked by (53.24111, ete.) repetitions, 
(53.24113, etc.) reversals, and other combinations, either at the 
surface or throughout the cell. Some constituents (53.24127, 
53.24227) move about from one location to another in various 
currents.** Perhaps the passage of (53.24137) chromatin mate- 
rial from one portion of a cell to another has notable effects on 
differentiation of structure.*? The cilia move with (53.24228) 
wave-like motions.** More complicated periodicities occur in 
the rolling movements of amoebas; Child says that in these cases 
a particular region of the ectoplasm occupies successively every 
level from anterior to posterior and then the reverse.** Within 
the cell there is sometimes (53.241391) preemption and 
(53.241392) conflict between constituent monads—for instance, 
in the ‘‘interference effects’? in Paramecia.®* According to 
Thompson, there is (53.241394) constant interaction between 
the nucleus and the other portions of a cell.2¢ Mutual effects 
of constituent parts are important for regulation. One cell dis- 
rupting another would illustrate (53.248) combinations of inter- 
actions with the milieu and with prior and cognate monads. 

(53.25). We suppose that simple chromatinie structures 
(53.251) start as combinations of nucleic acid and basic proteins, 
and that their interactions (53.252) condition their structures. 
Haldane says that structure is only the appearance given by 
what seems at first to be a constant flow of specific material, be- 
ginning and ending in the environment, but having a persistence 
and power of development of its own.*? According to Verworn, 
every change of rapidity of a process of a single constituent, if 
of prolonged duration or frequent occurrence, must finally lead 

29H, 8. Jennings, op. cit., p. 4. 

30 R, A. Gortner in Mayo Foundation, Lectures on the Biologic Aspects 
of Colloid and Physiologic Chemistry, 1927, p. 163. 

31 KE. B. Wilson, CDH, pp. 1927f. 
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to an accumulation of some kinds of material rather than others 
and to qualitative alterations of the entire metabolism, to which 
metamorphic processes are related as secondary results.** Some 
of the modifications of structure are (58.2521) peripheral. 
Minchin thought that around some of the primitive chromatin 
granules a firm capsule formed, and around others an enveloping 
matrix of periplasm, and that any such change must have fol- 
lowed and been followed by ever new adjustments among con- 
stituent parts of the organism.*® Bidder holds that the evolution 
of the flagellates consisted in the formation of a permanent fila- 
ment of protoplasm characterized by having one side more gel- 
ated than the other side.*? In developments which either lead to 
or accompany changes of species, there are (53.2523) modifica- 
tions of nuclear structures, perhaps chromosomes, although some 
modifications may not be at once evident. In detail, (53.25231 *) 
Minchin implied that the primitive chromatin granules, or bio- 
cocci, surrounded by periplasm, may form later unicellular 
organisms by combination,*! although differences of chromatin 
- distribution in primitive cells suggest that combination could 
take place in various ways. For example, (53.25232*) the 
tendency of colloids to form loose aggregates or gels may have 
provided opportunity for various integrations. The Rhizopods 
(53.25233 *) in their life-cycle exhibit a transitional stage in 
which the chromatin grains are scattered through the cytoplasm 
before being gathered into the organization of a definite nu- 
cleus.*t Perhaps in the less highly differentiated primitive uni- 
cellular organisms (53.25234 *) appropriated chromosomes were 
more prominent than in organisms now known. 

(53.258). A unicellular organism contains (53.2531) monads 
of prior realms. Geometrical properties appear in conditions 
of polarity and symmetry. Because of the resemblance of lines 
of the ‘‘mitotic figure’’ to lines traced by iron filings in a mag- 
netic field, there have been numerous attempts to explain eell- 
division in terms of electromagnetism. ‘Thompson thinks that 
the bipolar electric field offers here the best series of analogies 
but nothing more, and that morphological polarity is the out- 
ward expression of true dynamical polarity or distribution of 

38 M. Verworn, op. cit., p. 83. 
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forces, the lines of force being rendered visible by particles of 
matter. Unicellular polarity is conditioned also by chemical 
processes; Thompson goes on to say that a chemical asymmetry 
will induce an inequality of surface tension and hence a modi- 
fication of form, but the chemical asymmetry may be due to a 
process of electrolysis in a polarized electric field.*? Child has 
maintained that polarity is traceable to a metabolic gradient.** 
Constituent electrons, atoms, and inorganic molecules play their 
parts in cell structure. Differences of potential are found at all 
phase boundaries; conditions on either side are asymmetrical 
with respect to chemical composition and physical condition.** 
Unicellular organisms doubtless contain (53.2532) a few organic 
compounds, but the cell contents are principally colloidal.* 
This, according to Wilson, must not be taken to mean chemical 
homogeneity.** It has been held that some of the minutest 
known organisms contain 1250 proteid molecules.** The rela- 
tionships of the various molecular complexes, and some of the 
details of colloidal and enzymic action are not clear; but on any 
theory the genes or other molecular complexes in the chromo- 
somes and the proteins of the cytoplasm must be considered as 
prominent constituents of the cell, and any complex cell can be 
analyzed into such constituents. In particular, the chromatin 
and chromosomes of the cell nucleus can be analyzed into 
(53.25321 *) nucleic acids and protein bases. The nucleic acids 
seem at deeply staining periods to belong to the nucleus, while 
proteins are found both in the nucleus and the cytoplasm,*® with 
its cell-phases. The nucleic acids, according to Troland, are 
probably to be identified with genetic enzymes.*® In mitosis, 
which sometimes occurs in unicellular organisms,°® there is 
(53.25322 *) a division of the reticular structure presumably 
carrying with it a pairing of genes in chromosomes (see 
53.82113). Perhaps the gene structure is (53.25323 *) influ- 
enced by excess of nucleic acid at deeply staining periods. Some 

42D, W. Thompson, On Growth and Form, pp. 167f., 185. 
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44 RK, S. Lillie, Protoplasmic Action and Nervous Action, p. 299. 

45 See D. W. Thompson, op. cit., pp. 203, 2107. 

46H. B. Wilson, Physical Basis of Life, 1923, p. 28. 

47D, W. Thompson, op. cit., p. 42, n. 

48 H. B. Wilson, CDH, pp. 652f. 
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geneticists hold that genes are of chief importance in heredity, 
but the claim is disputed by others,°1 who may be said to regard 
the effect of the genes as modified if not neutralized by the part 
played by other molecular complexes in the interactions of the 
cell. Sometimes apparently nucleic acid from a chromosome is 
found in the cytoplasm.*? In some unicellular organisms chro- 
mosomes are formed. In important and elaborate processes of 
multicellular reproduction (see 54.838244), and rarely in uni- 
cellular reproduction, chromosomes exhibit a (53.25324*) tet- 
radic structure.°’ When (53.2533) constituent cognate monads 
are taken without such analyses, it is found that chromosomes 
are (53.25331) particularly prominent in processes of reproduc- 
tion; they may (538.25332) vary considerably in size. 

(53.254). The gross differentiation of unicellular organisms 
is familiar. Child has emphasized the fundamental importance 
of the ‘‘surface-interior pattern.’’ According to his view, 
(53.2541) the localization and differentiation of the nucleus as 
a definite organ has been determined by conditions characteristic 
of the interior of a mass of protoplasm.®* The simpler cells 
(53.25411) show less pronounced differentiation; some of them 
seem to lack a structured nucleus.*> But in the course of devel- 
opment (53.25412) the central regions become important, and a 
cell deprived of its nucleus eventually atrophies and dies.°® The 
nucleus (53.25413) contains various molecular complexes, some 
presumably as its genes and others as parts of its reticular struc- 
ture.°’ The relationships of these are not clear, but the number 
of constituent (53.25414) chromosomes is apparently character- 
istic for a given species.°® At resting stages of the cell, the chro- 
mosomes may occupy different positions in the nucleus than they 
do in mitosis. Conklin says that on the whole the centrosome, 
asters, and spindle, which are prominent in reproduction, seem 
to partake of the nature both of nucleus and (53.2542) cyto- 
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plasm, and to be more or less intermediate between the two.°® 
The cytoplasm often exhibits (53.25421) two well marked 
zones.°° The cell apparently consists of (53.25422) numerous 
minute ‘‘reaction chambers’’ separated from one another by 
membranes, or ‘‘phase boundaries,’’ through which the sub- 
stances entering or leaving the cell must successively diffuse.*' 
The (53.2543) outmost region of the unicellular organisms is the 
plasma membrane, with the molecular complexes which, either 
by chemical or physical actions or both, determine the inter- 
actions of the organism (see 538.2553). Such molecular com- 
plexes may within certain limits (53.25431) be acquired or lost 
without affecting the chromosome number of the nucleus. 

(53.255). In specialization of function the (53.2551) nucleus 
is evidently of chief importance. Wilson regards the differentia- 
tion into nucleus and (53.2552) cytoplasm as in a measure the 
expression of a corresponding localization of the operations of 
constructive and destructive metabolism.” In the nucleus the 
processes of reproduction begin.*® The cytoplasmic functions 
seem to be (53.25521) transmission, since currents flow there; “ 
(53.25522) conservation, by means of the chambered or alveolar 
structure, which prevents too rapid or extreme diffusion and 
disintegration ; ® and (53.25523) synthesis of new organic prod- 
ucts.°° There are in the cytoplasm numerous granules of reserve 
food supply.®’ The cytoplasm has part in the formation of cilia 
and pseudopodia which, as temporary organs,®* have functions 
in (58.25524) locomotion. The (58.2553) cell-membrane is con- 
cerned primarily in the interactions of the cell with other mon- 
ads. Jennings has shown that certain parts of the cell may be- 
come more sensitive than the remainder, forming a region com- 
parable with a sense organ in a higher animal.*® The membrane, 
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with its molecular complexes, in interactions with other cells (see 
53.23139) may help to determine the constitution and properties 
of multicellular organisms. But (53.2554) it is possible to be 
too specific. Jennings found that Paramecium has a certain set 
of actions, an ‘‘action-system,’’ by some combination of which its 
behavior under all sorts of conditions is made up.” 

(53.26). As J. A. Thomson says, one of the great peculiarities 
of a living organism is that changes in it are so regulated and 
balanced that the integrity of the creature is retained.“ For 
Allen, increasing self-regulation accompanies the autotrophic 
function by which chemical proteid achieves ‘‘life.’’?*? That 
such regulation is (53.261) mutual would appear from the prop- 
erties of a polyphasic system.”? More like (53.262) referential 
regulation appear the specific properties of chromosomes or of 
cytoplasmic proteins. Examples of (53.263) regulation with 
reference to environmental objects are common. 

(53.27). Minchin held that the primordial chromatin biococei 
had the power of growth; “ it is also exhibited by chromosomes,’® 
mitochondria,’® and plastids.” Thompson says that growth is a 
vague word for a complex matter which may depend on various 
things from simple imbibition of water to the complicated results 
of the chemistry of nutrition; it may result in mere increase of 
size without increase of form.*® He also remarks on the tendency 
of all cells, according to their kind, to have certain absolute 
(53.271) limitations *® of magnitude. Such limits are doubtless 
fixed by the environment and conditioned by the presence of 
competing organisms. Child thinks that the gradients estab- 
lished in protoplasm may determine in the simplest organisms 
the limit of individual size.*° 

(53.31). The famous dictum that every cell comes from a 
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preexisting cell, apart from its logical short-sightedness, is placed 
in doubt by the theories of integration (see 52.48). Perrier 
thinks that under primordial conditions, with radioactive emana- 
tions and sunlight different from what are known at present, the 
faculty of giving birth to living matter did not belong as it does 
now to living beings alone.** 

(53.32). Minchin held that the primitive biococci reproduced 
by binary: fission. Some indications of primitive processes 
may perhaps be traced in the fission-like division of chromo- 
somes ®° and plastids.8* In unicellular organisms there are 
(53.821) various modes of this reproduction. A (53.3211) sim- 
ple binary fission may be (53.32111) ‘‘amitotic,’’ in which 
division of the nucleus takes place, but not of its individual 
elements or chromatin granules.®> There are various (53.82112) 
transitional stages to mitotic division.*® In the Protozoa mitosis 
is not uniform nor stereotyped. Definite chromosomes can as a 
rule be made out, but the chromosomes are often very numerous 
and minute, without definite form, and they divide irregularly.* 
The result of (53.32113) regular mitosis is division of the chro- 
mosome threads, as well as of whatever cell structures, 1.e., 
molecular complexes, in the cell hold them in place. Unicellular 
organisms may reproduce in (538.3212) the sometimes unequal 
division known as ‘‘budding.’’*®§ Sometimes the organism 
(53.3213) divides into four or more, and frequently a large 
number of daughter-elements, in the process known as spore- 
formation or sporulation; it is rather uncommon among Proto- 
zoa, except in the Sporozoa. In spore-formation the substance 
of the parent is used and the parent loses its life.*® ‘‘ Autog- 
amy’’ is (53.3214) transitional between simple division and 
bi-parental reproduction; fertilization takes place by the union 
of two chromatin masses derived from the same primary nu- 
cleus.°® In some species (538.8215) ‘‘endomixis,’’ ®° or periodic 
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reorganization of nuclear material, is observed. In a number 
of Protista (53.822) the cell before division draws in or throws 
off its motile organs.® Various (53.323) theories of unicellular 
division have been advanced. According to J. A. Thomson, 
the disproportion between volume, increasing as the cube of 
the radius, and surface, increasing as the square of the radius, 
leads to instability.°*? Other theories, hydrodynamic, electro- 
chemical,®* physiological,®* ete., have been suggested. 

(53.383). Somewhere in the Protozoa there ean be found 
(53.331) any grade of complexity in syngamic processes from 
the primitive to those quite as complicated as in many Metazoa, 
although in Protozoa syngamy and reproduction appear to be 
independent processes.®*> In a primitive process of (53.3311) 
copulation, cells fuse for a time, interchange nuclear material, 
and separate.*® Lankester says that in a process of (53.3312) 
conjugation, frequently two and rarely three or more unicellular 
organisms come together and fuse into one mass before breaking 
up into spores.*’ In (53.3313) fertilization, the essential fea- 
ture is the union of two masses of chromatin,®® called gametes, 
which afford a prototype for later differentiation into female 
and male sex. Sometimes this process is (53.8314) combined 
with budding.®® Jn the Rhizopod Actinophrys, there are ap- 
parently (53.332) polar bodies and meiotic division,’ although 
according to Calkins it is highly probable that the so-called 
reduction divisions in Protozoa are not to be interpreted in the 
same way as in Metazoa.1°t The process of reduction is best 
considered in connection with multicellular organisms (see 
04.332). Apparently (538.3383) conjugation (53.834) effects a 
rejuvenescence, with new possibilities of variation.?°? 

(53.34). At least some constituent monads reproduce by 
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fission (see 53.32). Wilson says that with the present limits 
of visibility we are not at liberty to conclude that an element 
of a cell arises de novo just because it appears to arise in that 
way.108 

(53.35). The unicellular organisms, at least, show (53.351) 
marked degrees of resemblance. Thompson thinks that all cells, 
according to their kind, tend to vary but little about a certain 
mean size.1°* But when all kinds are considered, ‘‘we find in the 
Protista,’’ says Minchin, (53.852) ‘‘every possible condition of 
structural . .. elaboration, from cells as highly organized as 
those of the Metazoa or even, in some cases, much more so, back 
to types of structure to which the term cell can only be applied 
by stretching its meaning to the breaking point.’’+% Jennings 
found a considerable amount of variation in reactions among 
different individuals of the same species or even of the same 
eulture.1°° Resemblances and differences (53.3538) are indis- 
pensable for classifications, most prominently into species (see 
04.303). Our epitomizing parallels may give point to the state- 
ment of Getzendaner, that ‘‘there is something about the stability 
of species, all separated by appreciable gaps, that reminds one 
of the stability of those atomic organizations which constitute 
the elements, all separated by gap intervals . . . expressed in 
terms of number and weight.’’+°* Thompson thinks that species, 
in the sense of relation by descent, is a defective classification 
for the lowest organisms, which might better be classified ac- 
cording to differences of physical forces involved.t°® Resem- 
blaneces and differences may be traced to (53.354) constituent 
monads, especially proteins? and chromosomes in studies of 
heredity. 

(53.86). In serial arrangements, (53.361) directional prop- 
erties are sometimes important, as in reckoning the relationships 
of ancestors or descendants of a given organism. According 
to Halliburton, there seems to be (53.3621) a whole chain of 
nucleins, containing a diminutive quantity of nucleic acid and 
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an increasing quantity of protein.7° Wilson says that further 
observation may render many partial series of chromosomes 
more complete, but probably as a whole no consistent course of 
evolution will be detected.1** For Child, there is (53.8622) a 
range of complexity from simple cells or protoplasts ‘‘or proba- 
bly from forms simpler than the ordinary cell’’ to multicellular 
organisms.*72 As regards (53.3623) the same or (53.8624) dif- 
ferent generations, Jennings found that inheritable variations 
so minute as to represent practically continuous variations oceur 
in many organisms, and that single characters exist in many 
grades.113 Serial arrangements may be (53.3631) determinate 
or (53.3632) indeterminate; and if the latter, may be (53.36321) 
innotatively indeterminate, as in the problem of ‘‘missing links’’ 
in evolution, or (53.36322) enotatively indeterminate, as in that 
of the ‘‘future’’ or ‘‘limits of evolution.’’ 

(53.87). The resemblances between the plastid bodies of 
the cells, as shown by similar stainings, if we take them to 
represent ‘‘stages in the upward or downward metabolism of 
the protoplasmic substance,’’*** may point to certain periodic 
relationships between them and, by inference, between infracel- 
lular organisms. With more direct reference to groups of multi- 
cellular organisms, Getzendaner in his hypothesis of ‘‘valence’’ 
in heredity hag noted that some of the paleontologists arrange 
animal life into eight super-phyla, just as we have eight groups 
in the series of the elements. There are in each of these phyla, 
he says, members which, in their evolutionary stagnation, re- 
semble the inert gases, and also species exceedingly active in 
an evolutionary sense, or productive of varieties.1% 

(53.38). It is possible that among the lowest organisms there 
is not very close resemblance between parents and. offspring; but 
all known unicellular organisms ‘‘breed true,’’ and most of the 
(53.880) general as well as the (83.381, ete.) special consid- 
erations concerning heredity seem to apply (see 54.38). 

(58.41). Many Protozoa under certain pressure conditions 


110 W. D. Halliburton, Sci. Prog., 4, 1909, p. 201. 

111 KE. B. Wilson, CDH, pp. 867f. 

112 ©, M. Child, Physiological Foundations of Behavior, p. 20. 

113 H. §. Jennings, ‘‘The Problem of Method in Evolution,’’ Sci. Am. 
Supplement, 85, 1918, p. 199. 

114. A. Minchin, Encyc. Brit.,11 Vol. 22, p. 483. 

115 F, Getzendaner, dm. Nat’st, 58, 1924, p. 431. 
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in the surrounding medium will suddenly burst.1*¢ The fact 
that unicellular organisms die has been somewhat obscured by 
interpretations of the process of rejuvenation.11? Some writers 
have regarded amitosis as a forerunner of degeneration and 
death.*** Constituent (53.411) chromosomes in cells seem par- 
tially to disrupt.7° Unicellular organisms can be disintegrated 
by (53.412) attacks of enzymes !*° or other organisms. In death 
there is loss of normal osmotic properties, following an altera- 
tion of the peripheral structure; disappearance of normal elec- 
trical polarization ; loss of translucency of internal protoplasm ; 
and loss of tensile strength.1*1 Death is followed directly or 
indirectly by (53.413) gradual dissolution into the environment. 

(53.42). There are vast aggregates of unicellular, and pre- 
sumably of infracellular organisms, in numbers which stagger 
the imagination. It has been estimated that a gram of soil may 
contain from 2,000,000 to 200,000,000 bacteria, 17? and the life of 
the sea is in general more abundant than that of the land.1?? 

(53.43). In the midst of such aggregates, and sometimes 
hard to distinguish from them, the first organisms of the next 
level doubtless were formed. Perhaps the simplest new monad 
is a free-living multinucleated cell, hard to distinguish from a 
monad of the unicellular level (see 54.1311, 54.1812). The new 
monads may be not so much the result of integrations, as of the 
failure of unicellular organisms to separate in reproducing by 
fission. But at least there are certain Mycetozoa at the amoeboid 
stage which fuse with one another, uniting to form a common 
protoplasmic mass or plasmodium.?*4 In some researches di- 
rected by R. A. Harper, the process of building a many-celled 
plant body out of independent amoeboid cells is reported as 
having been watched.?*> Doubtless in such integration (53.431) | 
adsorption of surface colloids plays an important part; this 

116 G. N. Calkins, Biology of the Protozoa, p. 29. 

117 cf, E. B. Wilson, CDH, p. 247; G. N. Calkins, Protozoology, p. 102. 

118 H, B. Wilson, CDH, p. 215. 

119 See T. H. Morgan, ‘‘ Mendelian Heredity in Relation to Cytology,’’ 
in E. V. Cowdry, ed., op. cit., pp. 703f. 

120 A, P. Mathews, in E. V. Cowdry, ed., op. cit., p. 75. 

121 R. §. Lillie, Protoplasmic Action and Nervous Action, p. 64. 

1228. Waksman, Principles of Soil Microbiology, 1927, p. 28. 

123 C, Snyder, op. cit., p. 110. 


124 J. J. Lister, ‘‘ Mycetozoa,’’ Hnceyc. Brit.,11 Vol. 19, p. 106. 
125 See New York Times, June 28, 1926, p. 19. 
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involves a dyadic relationship of adsorbing and adsorbed sub- 
stances, which (53.432) tends to diminish the potential energy 
of a system. 

(53.44). Probably in the primitive multicellular organisms 
constituent unicellular organisms (53.441) retained some fea- 
tures of their individuation, as they do in colonial forms,!?® but 
later on cells comparable to unicellular organisms have been 
(53.442) differentiated within the later monads. This is true 
not merely of metazoan cells in general, but particularly of cells 
which exhibit phagocytosis.!?7 

126 ef, C. J. Herrick, Neurological Foundations of Animal Behavior, 1924, 
p. 85. 


127 W. H. Lewis and M. R. Lewis, ‘‘ Behavior of Cells in Tissue Cultures,’’ 
in E. V. Cowdry, ed., op. cit., pp. 424f. 


CHAPTER XI 


MULTICELLULAR ORGANISMS 


“ Hvery living being presents itself to us as a sharply limited indi- 
vidual, distinct from other individuals and constituting what may be 
termed briefly a microcosmic unit.” 

K. A. Minchin, British Association for the Advancement 
of Science, Report, 1915, p. 450. 


(54.00). The term ‘‘multicellular organisms’’ is here used 
to include multinucleated cells, colonial organisms, plants, and 
animals, the last-named including men. Their characteristics 
are much like those of unicellular organisms, except for more 
complex differentiations and processes of reproduction. 

(54.10). They are individuated (54.11) relatively to (54.111) 
the environment; to (54.112) prior monads, like soil bacteria; + 
and to (54.118) cognate monads. The chief (54.1181) dyadic 
relationship appears to be that of rate of metabolism. Plants 
are less explosively active than animals,? and the sessile animals 
are less so than the motile animals. This relationship of rela- 
tively active and inactive organisms is reflected in any struggle 
for existence; in the dealings of younger and older organisms; 
and, according to a famous theory of Geddes and Thomson, in 
the differentiation of sexes.® 

(54.12). Multicellular organisms in general are either in- 
tegrations from prior monads (see 53.48) or, as products of 
bi-parental reproduction (see 54.83), are differentiations within 
later monads, 7.e., societies. 

(54.13). The monads of this level are of various sub-levels 
which are exceedingly complex. Alternative classifications are 
often possible. Of (54.131) simple forms, the (54.1311) sim- 
plest, if not a chromatin nucleus alone, would doubtless be a 
primordial ‘‘cell,’? made up of two chromatin particles sur- 

18. Waksman, Principles of Soil Microbiology, 1927, p. 642. 

2 cf. H. Bergson, Creative Evolution, transl. A. Mitchell, pp. 108f. 


3P. Geddes and J. A. Thomson, The Evolution of Sex, 1901, pp. 185ff.; 
cf. Thomson, System of Animate Nature, Vol. 2, p. 391. 
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rounded by a common periplasm. Minchin leaves it an open 
question whether periplasm first appeared around individual 
biocoeci or around zoogloea-like colonies. Such primordial mul- 
tinucleated cells would be smaller than most unicellular organ- 
isms, but still belong to this later level, whether (54.13111) 
integrated from molecular complexes or (54.13112) differen- 
tiated within aggregates of the latter. Of (54.1312) larger in- 
dividuals there seem to be two kinds. In one, the nucleus is 
composite and surrounded by a common periplasm, as in Protista 
with two nuclei, one containing generative and the other trophic 
chromatin,®> and as in other multinucleated forms. In the 
second, constituent cells are joined more loosely by their peri- 
plasms or cytoplasms; there may be two or more practically 
independent cells, with the connection between them so slight 
that they can separate without disadvantage.’ Not every group 
of cells which is formed constitutes a monad in its own right, 
since countless groups of somatic cells ® are differentiated within 
multicellular organisms, where they exhibit some individuation, 
numerous interactions, and clear cases of reproduction, but do 
not by integration give rise to monads of new levels which at 
those levels exhibit the monadic characteristics. All these char- 
acteristics are found only where certain cells and groups of 
cells concerned in reproductive processes get free from the 
organisms in which they were formed (see 54.25332, 54.8212, 
04.3336). This is in accord with Geddes and Mitchell, who 
conclude that buds, shoots or uniaxial plants, and flowers belong 
to what they call the second order of integration, or dyads,? 
that is, to the order above that of the unicellular organisms, 
and belong to what we call the simple organization of multicel- 
lular organisms. It would seem that the spores and gametes of 
plants and the germ-cells of animals ought to be included here; 
the fertilized egg is formed by a fusion amounting to (54.13121) 
integration, and the germ-cells, with their diploid organization,’ 
by (54.138122) differentiation. The other units of this order 

4E. A. Minchin, Brit. Ass’n, Report, 1915, p. 456. 

5 ibid., p. 454. 

6 See ibid., p. 441. 

7 J. R. Green, ‘‘Plants; Physiology,’’ Encyc. Brit.,11 Vol. 21, p. 744. 

8R. 8S. Lull, Organic Evolution, 1917, pp. 145f. 

9P. Geddes and P. C. Mitchell, ‘‘Morphology,’’ Encyc. Brit.,11 Vol. 18, 
pp. 866f. 

10 T. H. Morgan, Theory of the Gene, p. 25. 
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mentioned by Geddes and Mitchell are, for plants, the higher 
plant embryos, ‘‘in which the cell-aggregate is at once differ- 
entiated into parts and integrated into a whole,’’ and, for 
animals, the gastrula or méride, said to be permanently repre- 
sented by an unbranched hydroid or sponge or planarian.® If, 
in connection with this inclusion of coelenterates, we recall the 
numerous ‘‘gastreal’’* theories in which it has been held that 
the development of the animal embryo reaches a decisive stage 
when it corresponds in general to a coelenterate, the question 
rises whether embryos may be regarded as simple organizations 
of the grade just considered, or perhaps as (54.1813) self- 
enclosing organizations, such as are found in the Volvocinae.”” 
But apparently the embryo does not belong just here alone, but 
runs through or recapitulates?* all grades of organization, be- 
ginning with the multinucleated (diploid) fertilized egg and 
developing by differentiation in its successive cleavages to the 
gastrula stage. Monads of this grade of organization may result 
from (54.13131) integration or (54.13132) differentiation; a 
single polyp is regarded as an individual, even where many are 
united by cellular tissue to a common stem."4 

(54.132). Any of the monads just considered as ‘‘simple’’ 
or any of those about to be considered as complex may be 
(54.13211) compounded or aggregated in local groups. Geddes 
and Mitchell * have proposed for an aggregate the name ‘‘deme,”’ 
and for an integrated unit of the order which we call simple 
multicellular organisms the name ‘‘dyad.’’ As examples of 
‘“dyad-demes,’’ or as we should say, aggregates of simple multi- 
cellular organisms, they point to the fact that the plant axes 
above mentioned form aggregates by (54.18212) branching out 
from their low degree of integration, although such colonies can 
hardly be termed individuals of the third order—that is, what 
we call complex organizations, considered below—‘‘much less of 
higher order, as least without somewhat abandoning that unity 
of treatment without which philosophical biology disappears.’’ 
A raceme or an umbrel also, according to these authors, approxi- 
mates to a unity of the third order. The unbranched hydroids, 
sponges, and planarians may also form dyad-demes, either ir- 


11K. S. Russell, Form and Function, 1916, Chap. 16. 

12 R. 8. Lull, op. cit., pp. 1967. 

13 E, G. Conklin, ‘‘ Embryology and Evolution,’’ in F. Mason, ed., Crea- 
tion by Evolution, 1928, pp. 71ff. 

14 cf, C. J. Herrick, Neurological Foundations of Animal Behavior, p. 85. 
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regular as in most sponges, indefinitely branched as in the hy- 
droids and actinozoa, or linear; but such aggregations, again, 
do not fully reach individuality of the third order.® Such dyad- 
demes might be themselves (54.1322) compounded, as in a coral 
island. Examples of (54.1823) compound units formed by 
(54.13232) differentiation out of complex units are seen in what 
Geddes and Mitchell call ‘‘triad-demes’’—for example, a com- 
pound inflorescence, which is said to be on its way to a stage 
above their third order; while, among animals, a longitudinally 
dividing Nais or a laterally branched Syllis are said to be aggre- 
gates of tertiary units. According to these authors, there are 
tetrads, too; and a colony of radiate groups of Botryllus, each 
around its central cloaca, would even be a tetrad-deme, or 
aggregate of units of the fourth order.? 

(54.133). Multicellular organisms which we call complex, 
and which Geddes and Mitchell call (54.1881) ‘‘triads,’’ are 
made up of simple units or dyad-demes. Apparently if Geddes 
and Mitchell had allowed for the fact that complex organization 
may proceed by (54.18311) integration, they might have had a 
category such as they indicate is needed to deal with hetero- 
geneous individuality like that of a lichen—if this is taken as an 
individual and not a symbiosis—or, among animals, with the 
peculiar case of Diplozoon paradoxum, where two separate forms 
of the same species coalesce.® Transitions from simple to com- 
plex forms by way of (54.13312) differentiation seem to be in- 
dicated by differences between Volvox and Ulvaceae, and in 
animal embryos by the invagination of the gastrula. Geddes 
and Mitchell hold that a ‘‘triad’’ is to be seen in a composite 
flower-head and, among animals, for the branched series in such 
forms as Siphonophores among Hydrozoa, or Renilla or Pen- 
natula among Actinozoa. ‘Triads are also found for linear ag- 
gregates in the higher worms and still more fully in arthropods 
and vertebrates. According to Haeckel’s view, which they men- 
tion, (54.1338) ‘‘ageregates’’ of a yet higher order become 
(54.13331) integrated in Echinoderms. As indicated, they 
hold that radiate groups of Botryllus would constitute a ‘‘tet- 
rad.’’® The notion of successive integrations among animals 
was elaborated by H. M. Bernard, who distinguished, after the 
chromidial and the cellular, three stages of multicellular integra- 
tion—the gastreal, the annelidian, and the vertebrate—before 


15 R. W. Phillips, ‘‘ Algae,’’ Eneyc. Brit.,11 Vol. 1, p. 587. 
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passing to the social.1* According to A. H. Clark, segmented 
animals develop from what originally were colonies.” 

(54.14). The individuations of multicellular organisms are 
obviously affected by their other monadic characteristics. 

(54.20). If germ-cells are regarded as central or essential in 
multicellular organisms and somatic cells are regarded as sub- 
sidiary,’® the former may be said to be primarily concerned in 
interactions. The interactions of such organisms are of course 
selective. 

(54.21). Processes of appropriation, in which the organism 
(54.211) incorporates (54.2111) portions of the milieu, (54.2112) 
prior, and (54.2113) cognate monads, need no detailed treatment. 
The (54.212) non-incorporative appropriations of (54.2121) por- 
tions of the milieu consist chiefly in selections or adaptations of 
habitat and shelter. A few cases of the use of tools by animals 
have been studied.1® For motile organisms, non-incorporative 
appropriations of portions of the environment are best studied 
in the combinations with rejections which constitute motions (see 
54.23217). Man’s non-incorporative appropriations include 
covering, tools, and, under certain social conditions, property. 
Prior monads may be regarded as appropriated non-incorpora- 
tively in (54.2122) parasitism and cognate monads in (54.2123) 
symbiosis.2° The last-mentioned is an individual aspect of a col- 
lective process of aggregation. 

(54.22). The rejections of these organisms (54.220) in gen- 
eral follow the principles already discussed. Some animals 
(54.2211) produce light,” and all organisms radiate heat. <Ac- 
cording to Waller, as long as a tissue is living or an egg capable 
of development there is a particular electrical reaction.”2 Plants 
_ exhale oxygen, transpire water,?* and in some cases eliminate 
inorganic material in shedding their leaves. Animals exhale, 

16 H. M. Bernard, Some Neglected Factors in Evolution, pp. 274ff. 

17 A, H. Clark, ‘‘ Animal Evolution,’’ Nat. Acad. Sci., Proc., 8, 1922, 

ol. 
4 18 cf. R. 8. Lull, op. cit., pp. 1437. 

19'J A. Thomson, System of Animate Nature, Vol. 1, p. 322; Vol. 2, pp. 
534, 557. 

20 cf. W. M. Wheeler, Emergent Evolution and the Development of So- 
cieties, 1928, pp. 27f. 

21 P. C. Mitchell, ‘‘ Phosphorescence in Zoology,’’ Encyc. Brit.,11 Vol. 21, 
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secrete, and excrete waste inorganic matter. Plants prepare 
and store up more organic compounds and molecular complexes ** 
than they (54.2212) excrete; but they secrete sap and similar 
substances, and build up products obtained from them by ani- 
mals. Animals eliminate organic compounds, both as waste 
products and means of defence. Epithelial cells are constantly 
removed, and cells are detached by glandular action.** Multi- 
cellular organisms (54.2213) incorporatively rejected from 
other organisms have usually lost their individuation, although 
the flowers and seeds of plants and the germ-cells of animals are 
in a sense cognate monads ejected from the parent organisms. 
Among (54.222) non-incorporative rejections, there is an ani- 
mal’s (54.2221) relinquishing a position in the environment; 
even a plant’s remaining at rest might be interpreted as rejection 
of possible alternative positions. The epidermis reflects a por- 
tion of light falling on it.2> According to Eddington, an organ- 
ism does not pass through solid material like a floor because the 
electrons in the floor sustain the organism by their impacts.”® 
As regards (54.2223) cognate monads, mechanical repulsions 
occur, especially after collisions. 

(54.23). Combinations of appropriations and rejections are 
too obvious and varied for detailed analysis. They are summed 
up in the word ‘‘metabolism,’’ which expresses the fact that 
anabolism and katabolism are combined. One of the striking 
processes in plants is (54.23116) the absorption of light, water, 
and (54.23126) carbon dioxide and the emission of oxygen, in 
photosynthesis.2* Combinations of interactions with (54.2313) 
cognate monads give (54.231392) the struggle for existence, as 
well as (54.231393) cooperations and (54.231394) exchanges 
everywhere familiar. Of non-incorporative combinations, the 
most important is (54.23217) motion. The plasmodium formed 
from Mycetozoa, for instance, exhibits processes of locomotion.” 
Even the fact that most plants remain stationary can be inter- 
preted as special cases of non-incorporative interactions. Mo- 
tions can be described with reference to the environment, to 

24 A, Weismann, Essays Upon Heredity and Kindred Biological Problems, 
ed. E. B. Poulton et al., 1889, p. 21. 

251, Hill, ‘‘The Biological Action of Light,’’? Nature, 115, 1925, pp. 
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prior, or to cognate monads. Motions of some of the animals 
which migrate seasonally exhibit complicated (54.23218) perio- 
dicities. 

(54.24). Persistence of characteristic interactions by con- 
stituent monads is clearest in colonies, but more or less evident 
in all plants and animals. Thus in the (54.241) absorption of 
(54.2411) light, the constituent atoms of an organism are active. 
Chlorophyll is thought to (54.24116) absorb light at one fre- 
quency and emit it at another.?* Within plant and animal 
bodies, the persistent incorporative interactions of (54.2412) 
organic compounds, molecular complexes, and cells, together with 
differentiated (54.2413) tissues and organs and, under special 
conditions, germ-cells or embryos, give us much of the data for 
physiological chemistry. It is from these constituent monads 
that we infer the characteristics of primordial biotic monads 
in the ‘‘free’’ state. Taken in the large, the data are the basis of 
physiology. Especially important among (54.242) non-incor- 
porative interactions with (54.2421) the environment, (54.2422) 
prior, and (54.2423) cognate monads are all processes used in 
measurements, as well as (54.24217, etc.) motions of constituent 
monads in transmissions within the organism. Lillie says that 
bioelectric currents have been shown to accompany movements 
of plants, heart-beat, muscular contraction, etc.2® In movements 
of excretion, there are transfers of organic compounds, molec- 
ular complexes, cells, etc. The assimilation of nourishment and 
elimination of waste is gradual and step-like, involving passage 
through a number of differentiated organs, each with its local 
process. Along with transferences must be reckoned the massive 
movements of branches, etc., in plants and of skeletal and other 
musculature in animals; the processes are presumably capable 
of analysis into processes characteristic of their constituents.* 

It is commonly asserted that all the processes of organisms 
are (54.24118, 54.24128, 54.24218, 54.24228) rhythmic, in vary- 
ing periods. In the fluctuating supply of oxygen to an organ 
are furnished the conditions for the occurrence of absorption 
and secretion.* Many plants store up energy as insoluble starch 

28H. J. Allen, Brit. Ass’n, Report, 1922, p. 85. 

29R. S. Lillie, Protoplasmic Action and Nervous Action, p. 315. 
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when excess sugar is present, but at night the starch is broken 
down into sugars again.** Muscular activity is periodic, and 
general bodily conditions are summed up in alternating periods 
of activities and fatigues, the latter followed by sleep.** Accord- 
ing to V. R. Khanolkar, there is a ‘‘rotation of activity’? among 
the units of an organ. With moderate activity, in response to 
moderate stimulation, a proportion of the units are constantly 
in action; but as the refractory period of each one comes on it 
stops working, and its function is taken on by another unit with 
its activity more remote and its refractory period completed. 
Khanolkar thinks that in glands the units are apparently groups 
of neighboring cells, but they might be parts of organs, single 
cells, or even parts of cells.2* Complicated periodicities are evi- 
dent in the interlocked circulations of blood, lymph, glandular 
secretions, oxygen, and nutrient and waste materials. Parallels 
between the rotations of astronomical bodies and the interac- 
tions of multicellular organisms doubtless exist, but in the myriad 
interactions possible for animals and their constituent monads 
any simple and regular recurrence is lost sight of in the more 
widely varied contacts with given portions of the environment. 

Among constituent monads, there are (54.242391) preemptions 
for example, if different enzymes inhibit one another,®> and in 
the refractory periods which are apparently general for plants.** 
The (54.242392) antagonism of sodium salts and calcium salts, 
according to Lillie, is apparently universal in living organisms, 
and of considerable effect upon protein systems.*? There are 
conflicts between opposed musculatures, familiar in connection 
with inhibitions; also (54.242393) reinforcements of one part 
by another, and (54.242394) exchanges and interchanges, as in 
reversing and reciprocal actions. The mutual interaction of all 
constituent parts is important for regulation (see 54.261) ; it 
includes (54.243) combinations of interactions with the environ- 
ment and with prior and cognate monads. 


32 W. M. Bayliss, ‘‘The Functions of Enzymes in Vital Processes,’’ 
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(54.25). The wide differences of magnitude exhibited by 
multicellular organisms are reflected in the range of complexity 
of their differentiations of structure. If we (54.251) start with 
very simple forms like a multinucleated cell, or a Myxomycete,°® 
we may assume that interactions with the environment somehow 
(54.252) become progressively enregistered in structures, al- 
though the process is obscured for us by our lack of understand- 
ing of heredity and the evolution of species. But whether ac- 
quired characters are inherited, at least at exceedingly rare 
intervals,*® or differences of species are due to recombinations 
of germinal elements acting jointly with varying environmental 
conditions,*® the fact remains that interactions are enregistered 
in differentiations of structure. The differentiation would doubt- 
less become first apparent in (54.2521) superficial regions; they 
become specialized since, with progressive increase of volume, 
the conditions for the interchange of substance must be more 
and more unfavorable for cells in the interior. Effects on 
(54,2523) central cells are on the whole more gradual. 

(54.253). Multicellular organisms exhibit differentiations in- 
volving (54.2531) monads of prior realms. There are some strik- 
ing numerical properties. D. W. Thompson notes the fact that 
in the third typical division of the fertilized egg all possible 
eroupings of eight cells, where all are on the surface of the 
group, are referable to some one of thirteen types or forms. In 
all cases of n cells with a common external boundary, the num- 
ber of internal partitions is 2n—3. The results are not 
functions of this or that tissue or organism, but involve general 
principles which lie within the province of the mathematician.* 
With regard to geometrical properties, there are frequently 
tendencies toward the spherical form. In the higher plants the 
development of stalks and trunks has greatly modified this 
tendency, although the modification, when roots, branches, and 
leaves are considered, is probably more apparent than real. In 
animals the chief modifications of the spherical form have re- 
sulted from segmentations *? and the development of motor 

88 J. J. Lister, Encyc. Brit.,11 Vol. 19, pp. 10577. 
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appendages. The reproductive elements stored in seeds and 
eggs sometimes approximate the spherical form, although there 
are many variations. Some of the gastropods grow in the com- 
plicated form of the logarithmic spiral.** In the radiate types 
of symmetry, the pattern is referable to a center; in the axiate 
or polar, to a line; and in the bilateral, to a plane.*# Differen- 
tiations in time must also be remembered. Child holds that in 
many cases a simple difference in relation between the rate of 
nutritive intake and the rate of oxidation accounts for the ap- 
pearance or non-appearance or disappearance of particular sub- 
stances. In the fertilized egg the yolk accumulates at the region 
of least oxidation; this becomes the basis for the later division 
into the less active endoderm and the more active ectoderm. The 
apical region or head arises from the high end of the major or 
polar gradient where the rate of metabolism is most rapid.** 
Thompson maintains that a comprehensive field of force which 
runs through the organism somehow shapes it, independently 
of the number, magnitude, and form of the individual cells which 
enter like froth into its fabric.*® Child finds that in animals the 
regions of more intense activity in a gradient are electronegative 
to regions of lower activity.47 Among inorganic constituents, 
the calcium oxalate concretions in plants and calcium carbonate 
in animals are conspicuous.*® Child says that the low ends of 
the gradients tend to accumulate non-protoplasmic substances.*® 

All multicellular organisms contain (54.2532) prior biotic 
monads. Plants (54.25321*) tend to store up energy and in 
their cells to synthesize complex organic compounds more elab- 
orate than any which they have absorbed. Among constituent 
(54.25322 *) molecular complexes are colloids at the surfaces 
of cells; hormones passing between cells; °° proteins, ete., pro- 
viding by their disintegration the energies for multicellular 
organisms; and probably genes in the chromosomes. Important 
among (54.25323*) constituent infracellular and unicellular 
organisms are the chromosomes, especially the paired chromo- 
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somes of maternal and paternal origin, respectively, in the germ- 
cells of complex organisms (see 54.33242). In multicellular 
organisms constituent cells (54.253231*) are more rigidly held 
than free-living unicellular organisms, although some circulate, 
é.g., in blood.** Their form is adapted to their places and funce- 
tions. In many plants (54.253232 *) the cell-walls are thick- 
ened,”* thus providing rigidity for lifting and spreading the 
leaves of the outer regions. There seems to be no (??) process 
of loss of intercellular substance or cytoplasm parallel to the 
stripping of atoms in aging stars; but, particularly in animals, 
there are numerous syncytial tissues,°* which are at least par- 
tially parallel to the organizations of erystals in a planet. A 
multicellular organism (54.253233 *) exhibits several different 
modes of grouping of cells. The plant body consists of cells 
which are aggregated to form tissues, and these in turn are 
grouped together to form organs, like root, stem, and leaf.®4 
Tissues offer some traces of parallelism with the gaseous, liquid, 
and solid states of atoms and molecules, although the parallelisms 
are not exact in many details. The atoms in a nebula are doubt- 
less discrete, and in the gaseous state; the cells in a colonial 
organism like Volvox are, on the whole, well marked individuals, 
although, as might be expected if there is a cumulative coordina- 
tion throughout successive realms, the cells are not discrete, but 
joined by connecting strands. In the outer regions of a star 
or planet, the atoms and molecules are gaseous, whereas the 
cells in surface layers of plants and animals are sometimes all 
but lost in thick intercellular substances which protect the or- 
ganism; but, at least in animals, such thickenings are modifica- 
tions or secretions of simple epithelial tissue, in which the cell 
outlines are clearly marked.®> In stars, according to Jeans, the 
central regions may be supposed to be liquid; in plants, the 
regions toward the center are often conducting, as in the xylem 
and phloem of the vascular plants.°° In the earth, perhaps the 
primitive seas condense from the atmosphere;*? in animals, 
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glandular tissue is formed by ingrowth from epithelial surfaces.*® 
The more nearly opaque outer atoms of a star °® are presumably 
built out in their peripheral regions by the capture of radiations 
and electrons from within the star, and the cells of the cortex of 
a plant assimilate the substances which enable them to develop 
the walls found in stereom or supporting tissue.®® The solid 
matter of the earth offers a partial parallellism for this and for 
the connective tissues and muscular tissues of animals. Some 
of the denser rocks below the zone of fracture may be compared 
to connective tissues, while the unstratified, stratified, and meta- 
morphic rocks may be compared to unstriated, striated (skeletal), 
and intermediate (heart) muscles °'—except that it is the un- 
stratified rocks which are predominantly crystalline, but the 
striated muscles which are syncytial.** 

Multicellular organisms contain some parts comparable to 
simple (54.2533) cognate monads. As stars and planets segre- 
gate small groups of atoms, 7.e., molecules, within them, so 
(54.25331) plants and animals segregate small groups of cells, 
which at first act as rudimentary organs. Examples are ‘‘mar- 
ginal bodies’’ °* and embryonic ‘‘ Anlagen’”’ or buds, which later 
develop into definite organs.°* When multicellular organisms 
enclose other multicellular organisms, the latter are usually 
split up in mastication, digestion, ete., except where (54.25332) 
certain cognate monads (see 54.1812) are differentiated in a 
parent monad in processes of reproduction. Such monads are, 
at first, fertilized eggs, then embryos. The embryos are 
(54.253321) developed within a parent organism by cooperation 
of the two parents (see 54.383) and correspond more or less 
successively to the degrees of complexity of organization noted 
above. When embryos are retained within the body of the 
mother, the latter (54.253322) supplies most of the environment. 
Such an embryo (54.253323) exhibits differentiations into cen- 
tral, intermediate, and peripheral portions, at least partially 
evident in the endodorm, mesoderm, and ectoderm.** An 
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(54.253324) important phase is presumably reached when the 
embryo begins to derive energy from its own reserve stores. 
After such individuation begins, the tendency will be for the 
environing parent organism to cease to act as such—+.e., for the 
developed embryo to be born. Much of the development of the 
viviparous animals (54.253325) takes place after birth. Ani- 
mals, in general, (54.253326) become more highly differentiated 
than plants. Early in animal development there is (54.253327) 
a segregation of germinal material; © this and other differentia- 
tion is (54.253328) accomplished with the aid of nourishment 
taken in from without. Other (54.253329) processes of differ- 
entiation include the development of peripheral organs and 
appendages, skeleton, segments, ete. 

(54.2534). Within multicellular animals occurs the differ- 
entiation of monads of the neuropsychological realm, although 
the higher developments of mind may fairly be called social 
(see. 55.2534). Neurological structures may be studied physio- 
logically. 7 

(54.254). The gross differentiations of multicellular organ- 
isms are brought to mind in Child’s emphasis on surface-interior 
pattern.*® In a typical vascular plant, the body consists funda- 
mentally of a cylindrical axis which bears lateral appendages; 
the pith, primary xylem, secondary xylem, cambium, secondary 
phloem, primary phloem, pericycle, endodermis, cortex, and 
epidermis form successive differentiations passing from (54.2541) 
center to periphery.” In animals, such differentiation may be 
detected in the infolding of the body-cavity and the differentia- 
tion into skeletal framework, viscera, muscles, and protective 
covering or skin, which is common to many higher forms. The 
‘“three layers,’’°* from the gastrula stage of embryonic de- 
velopment, concern chiefly the somatic cells. A more funda- 
mental differentiation in all but the lowest types is that of the 
germ-cells; ® although these in plants are often more exposed, 
in animals they may be regarded as in many cases central, espe- 
cially where they are.protected by other cells. Minchin, while 
eareful to point out that there is no organ of the multicellular 
body to which one can directly compare the nucleus of the uni- 
cellular organism, went on to say that in the feature of con- 
tinuity and in the specialization into generative and trophic 
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chromatin which occurs in many Protista, the chromatin con- 
stituents of the unicellular organism present a remarkable 
analogy with the germ-plasm of metazoa.®* A few organisms 
reproduce by autogamy, but in animals which reproduce by 
syngamy the germ-cells, according to the Mendelians, present 
evidence of dual structure, with the chromosomes and genes 
paired, and approximately half the chromatinic material coming 
from each parent © (see 53.253822, 54.3322). Of (54.2542) in- 
termediate regions, examples are the cortex of plants and the 
endoderm and mesoderm of animal embryos, with the bones, 
muscles, lining of the body cavity, blood vessels, ete., which arise 
there. That the parallelism with geological differentiation is 
not precise is perhaps not surprising, in view of the variations 
observable between various species within the biotic realm itself. 
In plants and animals, (54.2548) the surface layer is differen- 
tiated into special organs. The organic compounds which are 
thrown off from an organism make the boundaries of individua- 
tion much wider than commonly supposed, and more closely 
related to the environment. 

(54.255). These differentiations are more or less closely 
correlated with specializations of function, although local and 
developmental conditions have resulted in modifications and 
variations. Weismann‘ recognized that in animal phylogeny 
the germ-cells, which in highly developed animals tend to be 
protected if not (54.2551) central, are of paramount importance 
in reproduction and heredity (see 54.332, 54.3812). In plants 
the nearly central or perhaps (54.2552) intermediate regions of 
xylem and phloem are conductive;°© the intermediate or 
(54.2553) peripheral cortex of plants helps to support them.*® 
The peripheral regions of plants and animals exercise absorp- 
tive and protective functions, and contain organs which interact 
with the environment in specific ways. 

In animals, (54.2554) food materials are for the most part 
broken up in the mouth. Food is thereupon transmitted to the 
stomach and intestines and mixed with intestinal fluids. The 
food substances, further broken up, are passed into the blood 
stream. In the blood stream, the food substances come into 
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contact with the glandular system; the blood circulates periodi- 
eally through the lungs. Thus a multicellular organism is so 
complex that it presents not isolated interactions, but what 
Jennings calls an action-system. He says that in the coelen- 
terates the reaction to a given stimulus depends not alone on the 
anatomical structure of the animal and the nature of the stimu- 
lus, but also on the way the internal processes are taking place.”® 

(54.26). ‘‘Hverywhere in the study of life processes,’’ says 
Jennings, ‘‘we meet the puzzle of regulation.’’** J. S. Haldane 
concludes that the regulator of the circulation is (54.261) the 
metabolic activity of the body as a whole. He thinks that we 
can not, for example, base our explanation of the constancy of 
the internal environment on the structure of the organs which 
regulate it, since closer examination shows that the structure of 
these organs is itself dependent on the constancy of the internal 
environment.”> Traces of (54.262) referential regulation appear 
in Child’s theory of the dominance of the growing tip in the 
axiate plant, and of an apical region or head in the animal.” 
Driesch’s entelechy,’? or Bergson’s élan vital,"® or any other 
theory of a life-force, would serve as an example of referential 
regulation, if the force were a constituent or factor in the 
organism. A number of theories may be interpreted in terms 
either of mutual or referential regulation. Thus Child finds 
three varieties of correlation: namely, the mechanical, in direct 
mechanical action, pressure, and tension; the chemical, in in- 
ternal secretions, hormones, movements and exchanges of nutri- 
tive substances, water, electrolytes, and waste products of metab- 
olism; and the dynamic, where the correlation is accomplished 
by the passage of an energetic change.”® The nervous system is 
of course the great means of multicellular correlation and regu- 
lation, but consideration of that belongs in a realm by itself. 
Regulation with reference to (54.263) environmental influences 
is evident in all living organisms, and is inseparably involved 
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with the other types of regulation. That regulation (54.264) 
persists in constituent monads is evident, for instance, from the 
importance of equilibrium between carbon dioxide and. bicar- 
bonates in the reactions of the blood.*° 

(54.27). Augmentation and depletion are obvious in multi- 
cellular organisms. In plants there is primary growth, which 
increases the length of the axis by building up new parts, and 
secondary growth, which is merely increase in bulk.*t Regula- 
tion has to be taken into account in any study of growth; the 
body of an animal is built up by the cooperation of the semi- 
independent growths of a number of tissues and organs, which 
mutually limit and determine the extent of each other’s growth.® 
Thompson says that it is the ratio between the rates of growth 
in various directions by which we must account for the external 
forms of all save certain very minute organisms.** Organic 
growth may be said to be regulated with reference to a more or 
less definite (54.271) limit of individuation as conditioned by 
environment,** taking into account the presence of competing 
organisms. Thus, applying principles of mechanics to the 
skeleton and musculature of an animal, W. D. Matthew argues 
that if conditions are equal for large animals and smaller animals 
of half their length, the larger will find four times as much food 
in a given time, but with the expenditure of eight times as much 
energy. So it will take the larger animal twice as long to get 
food, and this will fix a definite limit of size which, although 
subject to some modifications, will be reached when the animal 
expends practically all its time securing food.® 

(54.31). Repeated productions of multicellular organisms 
from unicellular organisms may be occurring all the time, and 
are suggested by experiments showing the reassembling of 
sponges passed through filters.8° But even if this is the case, 
the process for us is overshadowed by processes of reproduction, 
which afford the most complicated data of biology. 
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(54.82). Reproduction in some mosses and ferns,*” as well as 
some actinians and hydroids,** takes place by (54.3211) a fission- 
like process, although in other animals (54.8212) budding is 
more common.®® Reproduction in some plants takes place by 
(54.8213) spore-formation, at least in the sporophyte generation 
or plant.*? A process (54.8214) intermediate between fission 
and sexual reproduction is parthenogenesis, or reproduction by 
means of unfertilized eggs, as in many rotifers and polyzoans; 
it is perhaps a reversion in the direction of a primitive 
autogamy.*® 

(54.38). Bi-parental reproduction in its (54.831) various 
forms is more conspicuous at this level than anywhere else. 
The typical process in animals is the (54.8312) conjugation or 
union of twospecially prepared germ-cells to constitute (54.3313) 
a fertilized egg, which develops into an embryo and new organ- 
ism of the species. Many plants exhibit a not always equally 
balanced ‘‘alternation of generations,’’ °° producing first spores 
and then gametes. There are numerous other (54.3315) modi- 
fications and variations.** 

(54.832). In bi-parental reproduction, there are notable proc- 
esses of reduction of the numbers of chromosomes in germ-cells; 
anticipations of these processes may take place in unicellular or- 
ganisms (see 53.332). The germ-cells exhibit a cycle of develop- 
ment which leads up to and then away from fertilization. In 
the resting states between fertilizations, there are readjustments 
of the somatic cells, and possibly even of the chromosomes and 
genes in the germ-cells, although in general the structure of 
chromosomes may persist through the resting states.°* We are 
here (54.3321) concerned only with germ-cells, female and male, 
which after the process of reduction enter into the composition 
of the fertilized egg. Countless somatic cells, and even other 
germ-cells are disregarded. The germ-cells with which we are 
concerned present a (54.3322) complexity of nuclear structure, 
with a pairing of genes (see 953.253822, 53.382113, 54.2541, 
54.33242) indicating origin from different parents. The germ- 
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cells of a given organism may (54.3323) be all similar in num- 
ber of chromosomes, all the cells containing the full number, 
represented by XX; or, they may differ slightly in number of 
chromosomes, some of the cells containing the full number, repre- 
sented by XX, while others are deficient, containing an XO or 
XY combination.®* This difference is a primary mark of the 
great differentiation of sex, which doubtless somehow reflects 
the dyadic relationship noted above (see 54.1131). 

In the germ-cells of any parent, female or male, a complicated 
process of (54.3324) double reduction (‘‘meiosis’’) typically 
takes place. We consider first (54.838241) a reorganization 
which takes place in each chromosome separately, and later the 
total result. Disregarding numerous variations, there will be 
in an unreduced germ-cell at the metaphase (54.33242) a cer- 
tain typical number of paired chromosomes which, following 
Wilson, we represent by A, a; B, 6; C,c; D, d;..., ete., where 
capitals indicate chromosomes of maternal and small letters 
those of paternal derivation. In the first oocyte, as well as the 
first spermatocyte, (54.3382438) there is formed by fusion in a 
spireme thread (‘‘synapsis’’), growth to double size, and split- 
ting, a series of ‘‘bivalent’’ chromosomes Aa/Aa, Bb/Bb, Cc/Ce, 
Dd/Dd..., ete. In number they are only one-half the usual 
number—.e., they are ‘‘haploid’’—-and each is composed of four 
parts, or chromatids; each chromosome has thus become a ‘‘tet- 
rad.’’®* There follow typically (54.33244) two ‘‘maturation 
divisions,’’ the equational and the reductional, either of which 
may come first, but which lead to the same result, namely, the 
separation of the four components of each tetrad, so that each 
doubly reduced chromosome contains only one of the four com- 
ponents of a double chromosome, 2.e., one of the two components 
of an ordinary chromosome. When the results in all the chromo- 
somes are taken together, each doubly reduced germ-cell contains 
only one of the four components of each double chromosome, 7.e., 
one of the two components of each ordinary chromosome.” The 
prepared germ-cells are still cells, but (54.33245) in a pecul- 
iar state, having only half the number of chromosomes, charac- 
teristic of the species. As Wilson says, (54.338246) why meiosis 
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should require two divisions is wholly unknown; apparently one 
division would equally well accomplish the result.°® Perhaps, 
however, growth and double division make possible a more thor- 
ough sorting.®’ 

The process of reduction is (54.83247) subject to numerous 
minor modifications. These include (54.832471) non-disjunc- 
tion of chromosomes, with consequent tetraploidy or poly- 
ploidy ; °° (54.832472) chromosome loss, leading to variations; °° 
(54,.332473) interchanges between nucleus and outer plasm of 
germ-cells, such as apparently characterize injuries to the germ- 
cells in cases of poisoning,?°° ete., and may perhaps at rare inter- 
vals or to a limited extent result in the inheritance of acquired 
characters; °° (54.332474) interchromosomal rearrangements 
such as crossing over of genes or chromosomes. perhaps af- 
fected by ‘‘presence and absence,’’?°? and (54.832475) intra- 
chromosomal relationships, such as ‘‘genic balance,’’?°* which 
is likely to be modified by crossing over, or possibly by rearrange- 
ments, or the action of ‘‘multiple factors,’’+°* although the 
effects of these may become apparent only later. Further, 
(54.332476) it is not necessary that all the products of reduction 
should help to form new multicellular organisms; many of them 
sooner or later are extruded ** and disintegrate. Oocytes and 
spermatocytes represent the portions of chromosome tetrads 
which survive. When (54.3325) the results are studied statisti- 
cally, it is found that some of the oocytes or else some of the 
spermatocytes will have one-half the maximum number of chro- 
mosomes characteristic of the species—that is, will be repre- 
sented by X—while others will not contain quite one-half the 
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full number, but will be in some respect defective, having some- 
where a Y or an O chromosome.*°® 

Reduced oocytes and spermatocytes, typically from different 
organisms of the same species, (54.3383) fuse in conjugation (see 
54.3313) forming a fertilized egg. The fertilized egg (54.8331) 
may be regarded either as a single cell or as a two-celled, and 
hence multicellular organism; potentially, too, it is a multicellu- 
lar organism, since such an organism can be derived from it. 
The fusion is not an incorporative appropriation of one cell by 
another, but rather a (54.3332) special case of segregation, which 
differs from ordinary integration because of the peculiar correla- 
tion between the constituents. The (54.33321) spermatozoon, 
with reduced eytoplasm, penetrates the nucleus of the oocyte.*°" 
The (54.38322) chromosomes of the spermatozoon with their 
constituent genes are paired, or nearly paired, with the chromo- 
somes of the oocyte,’ although (54.33323) the cytoplasm of the 
oocyte is much more important in the fertilized egg and the em- 
bryo than is that of the spermatocyte.1°® In the chromosomes 
(54.33324) the paired genes are not completely antagonistic to 
one another. Even where there is antagonism, there is no dead- 
lock; one dominates over another.*°® And the genes derived 
from the two parents reinforce one another **° and may be sup- 
posed to be similar. All this (54,.83325) may be viewed as a 
differentiation within the society to which the parent organisms 
belong. 

As regards the (54.8333) results of fusion, (54.33331) if a 
haploid X oocyte fuses with a haploid X spermatocyte, the result 
is XX ; but (54.33332) if a haploid X oocyte fuses with a haploid 
Y or O spermatocyte, the result is XY or XO.%+ These combina- 
tions are in a given species an index of the sex of individuals; 
although the sex of the future organism is evidently determined 
in different cases by different factors and at different stages of 
development.‘ Further, (54.33333) two XY or XO cells give 
no result, and (54.33334) two cells from different species at least 
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ordinarily give no results beyond a generation of hybrids, even 
if there are very rare cases of fertility. One may imagine 
(54.33335) combinations developed from extruded polar bodies 
and spermatozoa; but, considered with respect to any given com- 
bination, these would always have the characters of other and 
rejected combinations. Thus (54.333351) if an extruded chro- 
mosome, which we may symbolize by —X, had been developed in 
place of X, we should of course have —X in the offspring in 
place of X. We may even consider the case in which (54.333352) 
two extruded chromosomes, one from each parent, might have 
united in a new organism, represented by —X —X, —X —Y, —X -—O 
(see also 54.38131, etce.). This seems to be what happens in 
some cases of ‘‘twinning.’’ 48 

There are (54.3334) between oocytes and spermatocytes of a 
given species, which are made up by various combinations of the 
members of tetrads, certain relationships which may be inter- 
preted in terms of inclusion; at least in a sense, the XX type in- 
eludes everything which the XO type has, and more. There are 
corresponding relationships of exclusion as regards any oocytes 
or spermatocytes which might have been formed from other ele- 
ments in the original tetrads, and might or might not have sur- 
vived in the environment, and even relationships of inclusion 
when these last are compared with one another. 

Not all the members of the tetrads are used in assembled 
oocytes and spermatocytes (see 54.332476); in this respect 
(54.3335) an oocyte of the XX type differs from a spermatocyte 
of the XY or XO type. In the oocyte, only one of the four 
constituents of a tetrad ordinarily remains in the germ-cells or 
has further part in the reproductive process; the other three 
constituents are ‘‘extruded’’ as polar bodies.17* In the spermat- 
ocyte, however, any one of the four constituents may serve as 
reproductive material,'*> and there may even be ‘‘artificial fer- 
tilization’’ in experiments with substances in the environ- 
ment.1*® After the fertilized egg has been formed, (54.3336) it 
has still a long course of development to go through before the 
new organism is mature and ready to take part in further proc- 
esses of reproduction. Sooner or later (54.3337) the parents 
cease to have any function as regards the new organism, and die. 

113 cf, E. B. Wilson, CDH, p. 494. 

114 H, B. Wilson, CDH, pp. 493/f. 


115 G, N. Calkins, op. cit., p. 165; E. B. Wilson, CDH, p. 493. 
116 J, Loeb, Artificial Parthenogenesis and Fertilization, 1913. 
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Among plants and the lower animal species the parental fune- 
tions cease sooner than among the higher animals. 

(54.3384). Whenever it occurs, such a process of reduction 
and chance combination will combine continuity, stability, and 
variety. The equivalent chromosome contributions of two par- 
ents by random assortment in maturation and chance recombina- 
tion in a series of offspring offer the greatest opportunity for 
testing out combinations of characters.*" 

(54.84). Reproduction in constituent cells persists, as is evi- 
dent in bodily repair and sometimes in growth and differentia- 
wont 

(54.35). Between organisms of the same, as well as different 
species, the (54.851) degrees of resemblance and (54.352) varia- 
tions are the constant study of biometrists and geneticists, and 
are (54.3853) used as a basis of classification. The whole organic 
world is divided into kingdoms, phyla, classes, orders, families, 
genera, and species. But the concept of ‘‘species’’ has never 
been hard. and fast, and the classifications used by different bi- 
ologists have varied widely.1® According to A. H. Clark, each 
phylum represents a sort of crystallization center about which a 
larger or smaller number of forms, showing but little deviation 
from a fixed type, are closely grouped within a definite but 
broad and general structural complex. Some of these erystal- 
lization centers or foci le close together, as in the eases of crusta- 
ceans and insects; others are quite isolated, not now connected 
by any intermediate forms, with no evidence that they ever were 
so connected.'?® 

(54.36). Arrangements of multicellular organisms in series 
are the basis of theories of descent. A series (54.361) may be 
traced among the ancestors or descendants of a given member. 
As regards (54.362) membership, the organisms of a given spe- 
cies might form a (54.3621) cognate series. A rudiment of a 
series arranged in the order of (54.3622) numbers of constituent 
cells may be discerned in Thomson’s statement that whereas 
rotifers sometimes contain a thousand cells, a minnow contains 
millions, and a bird millions of millions.**° It is familiar that 

117 J. G. Kerr, op. cit., Vol. 2, p. 66. 

118 cf. J. W. Gregory, ‘‘The Nature of Species,’? in F. Mason, ed., 


Creation by Evolution, pp. 1127f/; also our 53.35, above. 
119 A, H. Clark, ‘‘ Animal Evolution,’’ Nat. Acad. Sci., Proc., 8, 1922, 


pp. 223f. 
120 J, A. Thomson, op. cit., Vol. 1, p. 54. 
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species are now distinguished, at least in part, by chromosome 
numbers. It is also obvious that series may be arranged among 
organisms of (54.8623) the same or (54.3624) different genera- 
tions. But these series must be said to be (54.8632) indeter- 
minate, (54.36321) innotatively as regards the origin of phyla 
and species, although it is generally held, for instance, that from 
primitive plant-animals diverge the great plant and animal sub- 
groups; and that, in plants, the algae represent the ancestral 
forms, from which fungi on the one hand and liverworts and 
mosses on the other represent divergent developments. What- 
ever may have been the origin of ferns, they have undoubtedly 
given rise to the seed plants.1** According to Macbride, a Vol- 
vox-like colony of simple holozoic flagellates by differentiation of 
fixing organs formed sponges.??? Then by the development of 
various types of symmetry, segmentation, and coordination the 
other animal species succeeded. Evolutionary series are also 
indeterminate (54.36322) enotatively, with respect to the future. 
(54.37). Relationships in some respects similar to those of 
the atoms of the periodic table appear in the ‘‘recapitulation’’ of 
phylogeny by ontogeny.'* Even if the recapitulation theory 
can not be taken in full detail, it brings out some of the general 
characteristics of species. Each individual of any species typi- 
cally starts germinal development as a fertilized egg, and from 
that common beginning enters into interactions and develops the 
properties which the organization and characteristics of its spe- 
cies—i.e., probably the genes in the chromosomes of its nuclei— 
permit. These differences might conceivably be plotted along a 
one-dimensional horizontal scale, where, if all species start at a 
given point, some in their development would stop short while 
others passed them on their way to their own limits. The species 
vary typically with the number of chromosomes; differences of 
one sex-linked chromosome (see 54.3325) may indicate that the 
sexes are ‘‘isotopic’’ within a given species. In addition to the 
differences plotted horizontally, the different species—.e., the 
different numbers of chromosomes—might then be arranged ver- 
121 See C. S. Gager, ‘‘ The Evolution of Plants,’’ in F. Mason, ed., op. cit., 
1928, pp. 1387f. 
122 KR. W. Macbride, quoted by E. J. Allen, Brit. Ass’n, Report, 1922, 
Us 
123 On the theory of recapitulation, see E. G. Conklin, ‘‘ Embryology and 


Evolution,’’ in F. Mason, ed., op. cit., pp. 727ff. On periodic relationships, 
see our 53.37, above. 
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tically, making a two-dimensional array in which, no matter 
what species are taken, they will at some time in their embryonic 
development exhibit characteristics like those of simpler an- 
cestral species. Moreover, just as all atoms of inactive gases at 
the ends of the rows in the periodic table are more or less alike, 
so all chromosomes may be said to be at least sufficiently alike so 
that all the organisms in which they are found, as is often re- 
marked, no matter what the species, exercise living functions in 
general similar. Of course no such ‘‘periodic table of the spe- 
cies’’ can be constructed now, but if we had a vast amount of 
definite data and treated the data in this way, such a result 
might appear in large outline. 

(54.388). The relationships of organisms connected by. descent 
give us the data of genetics. In (54.380) general, (54.8801) the 
term ‘‘heredity’’ may be taken to indicate either a process or its 
results. The process involves (54.3802) retention in the parent 
organisms, and perhaps also in the environment. There are 
(54.3803) transferences to new organisms, and there are 
(54.3804) effects in those organisms, conditioned by the interac- 
tions of the germ-cells in accordance with their structure and 
particularly their surface properties. The process (54.3805) 
occurs in embryos. Even though it is primarily operative in 
individual organisms, it must (54.3806) condition and be con- 
ditioned by the organizations of those organisms into larger 
groups, 7.e., societies. For example, it is often the fulfilment of 
a certain societal function by an individual which makes that 
individual even more completely a repetition of the individuation 
of the parent. And (54.3807) the data are so complex that 
results can not now be accounted for, nor predicted in complete 
detail. The process seems to suggest that certain contingent 
and accidental combinations have become somehow ingrained or 
dominant, in the age-long contacts of the biotic with the cosmo- 
gonic and other realms. Such sequences and relationships as 
are traceable (54.3808) usually operate within the limits of 
given species, and even help to determine those limits. 

The relationships of organisms connected by descent and of 
their constituents (54.881) admit of elaborate classification; if 
the classification is detailed enough, it will be found to accom- 
modate practically all the theories of heredity. Thus we might 
consider (54.3811) relationships of multicellular organisms in 
societies of various grades, connected only remotely ; an example 
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might be the relationships of individuals of different families 
or species. These relationships might be (54.38111) subordinate, 
(54.38112) coordinate, or (54.38113) mutual. Again, we might 
take (54.3812) relationships between multicellular organisms, 
as represented in germ-cells, and in this connection the rela- 
tionships of germ-cells and somatic cells in the same organism. 
In considering (54.38121) subordinate relationships of germ- 
cells, one should distinguish between (54.381211) asexual and 
sexual reproduction, and also note (54.381212) the effects of 
loss of chromosomes in mutation.?*4 

Proceeding into more detailed analysis, we might consider 
(54.3813) relationships of constituent chromosomes, distinguish- 
ing between intercellular and intracellular cases. Mitosis may 
be taken either as a process involving (54.381381) subordinate 
relationships of descent, or (54.38132) coordinate relationships 
of chromosomes. The data of Mendelian heredity exhibit sub- 
ordinate relationships between mother-chromosomes and daugh- 
ter-chromosomes of tetrads or pairs, as well as coordinate, inter- 
cellular relationships between chromosomes distributed through- 
out various zygotes. Thus when chromosomes of maternal and 
paternal origin, respectively, are distributed through the germ- 
cells of an F, generation, and then again from the F, generation 
through the germ-cells of an F,, generation, we obtain statistically 
results which are compounds of the results for single genes, and 
which can be best stated in terms of genes (see 54.38143). In 
the Mendelian theory,?® the splitting of chromosomes (see 
53.382113) with their genes (1) gives rise to closely similar al- 
though of course not identical chromosomes, some of which may 
contain markely contrasted genes; (2) tends to keep constant 
the number, although not necessarily the content of the chromo- 
somes; (3) tends to keep similar the specific appropriations and 
rejections characteristic of the given chromosomes, although these 
may be subject to gradual modification, for example, in changes 
of species; and (4) points to linkages of chromosomes and genes 
which are essential in the whole process of heredity. In con- 
nection with chromosomes, the subordinate, coordinate, and pos- 
sibly the (54.38133) mutual relationships together would accom- 
modate much of the data of the ‘‘inheritance of sex’’ (see 
54.3338). 

124, A. E. Crew, op. cit., p. 734. 


125'T, H. Morgan, The Mechanism of Mendelian Heredity, 1923; The 
Theory of the Gene, 1926. 
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We may also consider (54.3814) constituent molecular com- 
plexes in the cytoplasms, or the nuclei, or both cytoplasms and 
nuclei of the germ-cells, and in the same or different germ-cells. 
Here could be accommodated the theory of Loeb, who assigned 
much importance to the cytoplasm in heredity,**° and also T. 
H. Morgan’s ‘‘theory of the gene.’’ In connection with the 
(54.38141) subordinate and (54.38142) coordinate relationships 
of genes, there are many variations (see 54.83247). There seem 
to be (54.38143) mutual relationships of genes in ‘‘multiple 
factors’’1°* (see 54.3832475). The genes, whether present or 
absent in the XY and XO organizations, evidently represent 
sex-linked characters.1?*7 When paired genes a and b of ma- 
ternal and paternal origin, respectively, are distributed sta- 
tistically throughout the fertilized eggs of an F, generation, we 
have, with respect to those genes, in each germ-cell the com- 
binations ab; ab; ab, ete., and when these are split and dis- 
tributed again, we have in the F, generation, statistically, aa; 
ab; ba; bb,'?8 with their relationships of dominance and reces- 
sion. But these Mendelian ratios start with parent germ-cells, 
after or apart from processes of reduction. If the genes of their 
extruded chromosomes were here taken into account, we should 
have a somewhat more elaborate scheme. For the F, generation 
the full choice, as regards any a and b, of maternal and paternal 
origin, respectively, would be a, b; or —-a, b; or a, —b; or -a, -0, 
which, where (|) means ‘‘either-or’’ and (-) means ‘together 
with,’’ may be written (a|-a)-(b|-b). In the F, generation, 
statistically, we should have 


Dist 0, Ds eens seus eeLoe 
—a, a; a, b;—-b, a; -b, Dd; 
a,-a; a, —b; b,-a; b, -b; 
—a, —a; —a, —b; —b, -a; —b, -b; 


which may be symbolized {(a|-a) | (b|-b)'}-{(-a| a) | 
(-b | b).} | | | 

(54.41). When the alga Cladophora, which has a definite 
plant form, is put into a strong salt solution, it is transformed 
into a mere aggregate of unicellular algae.'*° The most gener- 

126 J, Loeb, The Organism as a Whole, 1916, Chap. 6, esp. p. 151. 

127 'T. H. Morgan, Theory of the Gene, p. 52. 

128 W. E. Castle, op. cit., pp. 1047f. 

129 J. B. Farmer, cited by R. B. Perry, General Theory of Value, p. 447. 
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ally accepted theory of senescence is to the effect that there is a 
gradual transformation of the living substance of the higher 
organisms from a liquid state to that of a gel 1*°—a process 
parallel to the contraction of an astronomical body. Alexis 
Carrel maintained that there are two kinds of death, viz., general 
death, or death of the whole organism, and elemental death, or 
death of the tissues and organs, and that between the death of 
the organism and elemental death (54.411) the tissues are pro- 
gressively invaded by cadaveric disintegration.1*! According to 
Lillie, a visible alteration or breakdown of the protoplasmic 
structure seems always to be associated with the death process, 
however the latter is induced. Materials hitherto kept apart by 
the imposition of films are enabled to interact.1*? Processes of 
disintegration extend to still smaller constituents; radioactivity 
in the potassium of the cells is sometimes physiologically im- 
portant.*** Death is often (54.412) brought about by other 
multicellular organisms in the struggle for existence, especially 
when animals prey upon plants. Even bi-parental reproduc- 
tive processes may lead to the death of one of the parents. Or- 
ganisms after elemental death (54.413) tend to disappear into 
the inorganic environment, the cosmogonic realm. Sometimes 
there are marked effects upon the environment, as in the produc- 
tion of coal or humus, or in the changes wrought by lime-secret- 
ing animals. 

(54.42). Multicellular organisms may be aggregated 1** into 
flora and fauna, the populations of a region. It is difficult to 
distinguish precisely between aggregation and integration ; some- 
times the former word is used for a process which amounts to 
the latter. According to Giddings, social aggregations are 
formed at first by external conditions such as food supply, tem- 
perature, and the contact or conflict of individuals or stocks. 
Because of the segregating action of all incident forces, aggre- 
gations as a rule are composed chiefly of like units.1°° Swarms 

130C, H. Farr, ‘‘The Philosophy of Growth,’’ Atlantic Monthly, 136, 
1925, p. 512; cf. H. Bechhold, op. cit., p. 279. 

131 A, Carrel, ‘‘Further Studies on Transplantation of Vessels and Or- 
gans,’’ Am. Phil. Soe., Proc., 47, 1908, pp. 686f. 

132 R, 8. Lillie, op. cit., p. 56. 

133 See A. P. Mathews, Science, 66, 1927, p. 609. 

134 W, QO. Allee, ‘‘ Animal Aggregations,’’ Quarterly Review of Biology, 
2, 1927, p. 367. Note bibliography. For plants, see F. E. Clements, 


Plant Physiology and Ecology, 1907, p. 237. 
135 F, H. Giddings, The Principles of Sociology, 1911, pp. 19, 100. 
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of insects such as gnats give no indication of leadership or social 
organization, and may be called aggregates.1** Any cases of 
aggregation among animals must, to be complete, be understood 
to inelude the plants upon which the animals depend. 

(54.43). Within such aggregates another type of segregation 
gives rise to plant societies and plant-and-animal societies, mon- 
ads of the next level. The process may be merely one of the 
staying together of the products of a reproductive process,**’ 
so that the members of a species, perhaps by merely ‘‘bring- 
ing up’’ the young, constitute a society. This is what Giddings 
calls ethnical or genetic aggregation, in a group of kindred 
individuals who have lived together from birth.1** This inter- 
pretation of integration as a ‘‘staying together,’’ implying the 
gradual perfecting of a higher organization, helps to meet the 
objections which in recent years have been urged against the 
organismic theories of society (see 55.00). Child says that the 
organism is a dynamic order, pattern, or integration among 
living systems or units, and a social organization is exactly (sic) 
the same thing, the fundamental difference being apparently one 
of degree or order of magnitude.'*® Wheeler says that bumble- 
bees are primitive and represent a transition from solitary to 
social insects; that social wasps evidently develop from solitary 
wasps; 7*#° and that thirty independent cases of social integration 
have been traced in insect societies.1* In societies of the lower 
orders, the factor of mind is not so prominent as in human 
society. The essential point is not now the development of 
similar individuals into societies by the exercise of mind (see 
Chapter XXXIV, 11), but the development of (54.4381) unlike 
—often older and younger, or male and female—individuals, 
both plants and animals, into societies by the (54.432) economical 
organization of food relationships and protective relationships. 

(54.44). Within such a new monad (54.441) constituent mul- 
ticellular organisms which have been thus integrated may remain 
prominent, but far more often (54.442) new multicellular or- 
ganisms are produced by differentiations, 7.¢., segregation of 
reproductive and other materials, within the later monads. 

1386 cf. C. M. Child, Physiological Foundations of Behavior, p. 273f. 

137 cf, F, E. Clements, op. cit., pp. 2377ff. 

1388 ', H. Giddings, The Elements of Sociology, 1913, p. 23. 

139 ©, M. Child, op. cit., p. 270. 

140 W. M. Wheeler, Social Life Among the Insects, 1923, pp. 61, 120. 


141 W. M. Wheeler, Emergent Evolution and the Development of So- 
cieties, p. 32. 


CHAPTER XII 


PLANT SocreTiIes: PLANT-AND-ANIMAL SOCIETIES: ANIMAL So- 
CIETIES: PrimitivE Human FAMILIES AND HorRDES 


“ A society may properly be said to be a whole of wholes, a system 
of systems, or an individual of individuals.” 


R. B. Perry, General Theory of Value, 1926, p. 461. 


“Tn his essay on ‘ The Lake as a Microcosm,’ Forbes shows the inti- 
mate relationship between all the inhabitants of a small lake, plants 
as well as animals. ... Relationships concerned with food and space 
form the main integrating factors of such a microcosm, and these are 
sufficiently strong so that the whole may be recognized and treated as 
a unit.” 


W. C. Allee, Quarterly Review of Biology, 2, 1927, p. 386. 


“In the family is the first true microcosm.” 
F. 8. Marvin, The Unity of Western Civilization, 1915, p. 302. 


(55.00). The monads of this level include plant societies; 
plant-and-animal societies, in which animals depend on plants 
for food; and animal societies, in which some animals depend 
upon others for food, but all indirectly or directly depend on 
plants. No distinction is made here between groups of organisms 
without nervous systems, or without intelligence, and groups 
containing organisms with nervous systems, or with intelligence. 
Hence prehistoric and primitive human families and hordes, more 
primitive than any existing groups, may be included among the 
monads of this level. 

The treatment of societies as monads ealls for some mention 
of the organic or organismic theries of society.1 The view here 
taken is that the epitomization hypothesis brings out what was 
sound in those theories and is now often disregarded, and at the 
same time helps to avoid what was fallacious in them (see 54.43). 
It has never been denied that a society and an organism exhibit 
numerous analogies, and some provision should be made for these 

1See G. P. Conger, Theories of Macrocosms and Microcosms, 1922, pp. 
1107.; P. Sorokin, Contemporary Sociological Theories, 1928, Chap. 4. 
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analogies in any adequate account of either. In the first place, 
(1) the epitomization hypothesis provides for various levels and 
sub-levels of society, thus making it easy to discern whatever 
organismic features are observable in simple cases and to trace 
them through the more complex cases. Furthermore, (2) our 
hypothesis is not confined to human societies alone, but includes 
animals and plants. Moreover, our comparison of a society and 
an organism (3) is not carried into too great detail, but confines 
itself to the general principles operative in both kinds of monads. 
This is an important point; for the great question is not whether 
a society is an organism, but whether a society is a monad. On 
our view, a society, being a monad, has the monadie characteris- 
tics which an organism, also a monad, has, but atoms and stars, 
for that matter, exhibit these characteristics at their own levels. 
Our theory of society is not so much an organismi¢c as a monadic 
theory. Once more, (4) nothing in the theory as here presented 
is held to the exclusion of the psychological theory of society,” 
nor even of the older contractual theory; * the monadic theory 
supplies just the biological basis and bonds, the structural ele- 
ment which these theories lack. From the point of view of 
epitomization, the psychological theory is an expression of rela- 
tionship between the neuropsychological and the biotic realms, 
a relationship of differentiation, and an aspect of that cumulative 
coordination which progressively characterizes the cosmos (see 
Chapters XX, 5; XXXIV, 11). Finally, (5) another relation- 
ship between realms is provided in this view, since it leaves open 
the large possibility that societies, after all, are to be viewed not 
merely as organismic but as organs of the earth; or, in other 
words, that the biotic as a whole has a function of coordination 
within at least our terrestrial portion of the cosmogonie realm. 
(55.10). It ig difficult to fix the precise limits of individua- 
tion of some societies—possibly because a man, being a multi- 
cellular organism, has difficulty in discerning the monads of a 
level immediately above his own, and probably because the cumu- 
lative coordination which runs through the whole cosmos makes 
cognate monads of each level of the later realms more and more 
closely interrelated. But any individuation is certainly 
(55.11) relative to (55.111) the environment. The importance 


2See C. A. Ellwood, Sociology in its Psychological Aspects, 1921, esp. 


pp. 3887. 
8 See G. P. Conger, Course in Philosophy, pp. 326ff. 
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of habitats for plant societies and plant-and-animal societies 
needs no emphasis. Giddings says that at all times human so- 
ciety itself, as distinguished from forms of government, has been 
unified by the idea of territory as well as by the idea of kinship.* 
Individuation is relative to (55.112) prior biotic monads, for 
example, the bacteria of the soil. According to Giddings, social 
aggregation begins where natural supplies of food are found.* 
The segregation of a society as a system of individuals mutually 
dependent upon one another may take place at the same time that 
other individuals remain outside, in the aggregate, perhaps, but 
not in the integrate. According to Wheeler, of 10,000 species of 
wasps only about 800 are clearly social, and less than five per 
cent of 10,000 species of bees are social.» Individuation is rela- 
tive to other (55.113) isolated societies. The animals capable 
of locomotion tend to migrate and obliterate boundaries, but even 
they may be kept isolated by natural barriers. A (55.1131) 
dyadic relationship appears in relative differences as regards 
inactivity and activity ; there are, for instance, sessile and motile 
groups, passive and aggressive species, static and dynamic so- 
cieties. 

(55.12). Societies may develop either by integrations of indi- 
viduals, or differentiations within larger societies; their indi- 
viduation is convergent. 

(55.13). Giddings emphasizes the point that in the long 
pre-human development, genetic and congregate groupings were 
combined, crossed, broken up, and again united in endless varia- 
tions of size and composition. Of the various sub-levels, then, 
the (55.131) simple would be those composed of a few plants or 
plants and animals, and the (55.1311) simplest would be those 
composed of two plants only, as among symbiotic or parasitic 
fungi. Societies made up of two animals, as among the mating 
species, since they depend upon plants, really belong in plant- 
and-animal societies and are not quite so simple in structure. 
Doubtless symbioses can be formed either by (55.18111) integra- 
tion or (55.13112) differentiation within a larger group. Some 
(55.1312) other simple groups, symbiotic, but composed of more 
organisms, may exhibit conjunctive symbiosis, where there is 
bodily union, or disjunctive, where there is not. The ordinary 

4, H. Giddings, Principles of Sociology, pp. 243f. 


5 W. M. Wheeler, Social Life Among the Insects, pp. 44, 97. 
6 F. H. Giddings, Principles, p. 220. 
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plant-and-animal society, where the fruits or leaves of the plants 
are eaten and the plants are not forthwith destroyed, is a simple 
type of organization. A mammalian family is somewhat more 
complex. These merge almost indistinguishably into (55.1818) 
larger, more loosely organized groups made up of non-symbiotie 
plants, or plants and animals which are occupants of a given 
-area and which may be in simple shelter relations or food rela- 
tions with one another. Any of these simple societies may be 
(55.1821) compounded or aggregated into groups of societies as 
in some communities of plants;* complex units may also be 
aggregated, as in ‘‘compound nests of ants,’’ or in the ‘‘indif- 
ferently tolerated guests’’ among certain species of ants.® <Ac- 
cording to Giddings, in human societies there may be (55.1822) 
groups or clusters of hordes not yet compacted into tribes,® and 
apparently also (55.1823) groups or clusters of families. In 
the lowest class of ethnical societies are small hordes, each of 
which is composed of a few families and comprises not more than 
25 to 100 persons.*® In these hordes family relations are irregu- 
lar and unstable.11 The hordes are better regarded as com- 
pound than as complex forms, since leadership is not indispensa- 
ble, for instance among the Bushmen and others.** Klaatsch 
says that in the primitive condition early man had nothing 
corresponding to our ideas of social or political constitution.* 
(55.183). Complex societies are distinguished from com- 

pound societies by higher differentiations, particularly with 
respect to the food relationship. Examples are afforded by com- 
munities made up of families of plants,’° as well as by herbivo- 
rous and carnivorous animals, where the former animals depend 
upon plants and the latter animals upon the former, or upon 
the eggs of the former, without exterminating the animals out- 
right. Examples of complex societies are afforded by mammalian 

7. E. Clements, Plant Physiology and Ecology, p. 240. 

8 W. M. Wheeler, op. cit., pp. 2007. 

9. H. Giddings, Principles, p. 159. . 

10 F. H. Giddings, Elements of Sociology, p. 186. 

11 ibid., p. 255. 

12 Ff. Ratzel, ‘‘The State,’’ in W. I. Thomas, Source Book for Social 
Origins, 1909, p. 753. 

18 W. Wundt, Hlements of Folk Psychology, transl. E. L. Schaub, 1916, 
spore 
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groups. This type would include primitive human families, i.e., 
parents and children; these constitute a primary form of human 
society. ‘‘Contrary to a widespread notion,’’ says Goldenweiser, 
““the family, consisting of husband, wife, and children, is found 
everywhere,’’ no matter what other social units may coexist with 
it.1° The family group need not be of the kind most familiar to 
us; there may, for example, be the ‘‘consanguine family’’ with 
intermarriage of brothers and sisters of one group, or patriarchal 
polygamy,?’ or polyandry,'* as well as monogamy. Some of the 
difficulties about the relationships of the various social units may 
be lessened by recalling that a family may be the result either of 
(55.138311) integration of individuals or of (55.13312) differenti- 
ation within later monads such as tribes. 

The transportation of spores by water and wind, the carrying 
of pollen by insects, the migrations of animals, and similar proc- 
esses may result in (55.13331) integrations of still higher de- 
grees of complexity. Thus a whole colony of insects may become 
parasitic on another colony. In mixed colonies of ants, broods 
are reared together.1® Such complex societies are also formed 
by the domestication of animals, which is not confined to human 
societies ; the ants and termites may be said to have domesticated 
more animals than we have.” 

(55.14). The individuations of a society are affected by its 
other monadic characteristics. 

(55.20). Societies, like individuals, maintain their individua- 
tions by selective interactions. The (55.21) appropriations in 
which they (55.211) incorporate (55.2111) portions of the en- 
vironment or (55.2112) prior biotic monads are difficult to dis- 
tinguish, because usually we think of the process as going on 
only for individual organisms, or, if we think of the corporate 
activity of a society, think only of a human society. Whenever 
the portion of the environment or the prior monad appropriated 
by one organism within a society may be thought of as passed 
on to another organism within the society, or as exercising an 
effect upon another organism, or as appropriated so as to be in 
relation to all the organisms of the society, the process may be 

16 A, A. Goldenweiser, Early Civilization, 1922, pp. 237f. 

17L. H. Morgan, Ancient Societies, quoted in G. H. Dow, Society and tts 
Problems, 1922, p. 201. 

18 F', H. Giddings, Principles, p. 155. 


19 W. M. Wheeler, op. cit., pp. 197, 200 
20 ibid., p. 17. 
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said to pertain to the society. In plant societies, light and some- 
times moisture may be appropriated in this way. In plant-and- 
animal societies examples are seen in the absorption of light 
and organic compounds by plants and the synthesis of complex 
substances for animals; in the storing of honey by social insects; 
and also in the nourishing of any mammalian group, where food 
taken by the mothers is transformed into milk, composed of or- 
ganic compounds and molecular complexes, for the offspring. 
Another societal appropriation of prior monads occurs when ani- 
mals or men are received into societies by ‘‘adoption.’’*4 In- 
corporative appropriations of (55.2118) other societies occur in 
the acquisition by one society of the actual bodies or the eggs of 
another society. The line is difficult to draw here between in- 
corporative and (55.212) non-ineorporative appropriations, but 
the latter are evident in (55.2121) occupation of a habitat, as 
when a flock of birds (55.2122) takes up its abode in an isolated 
tree. Groups of climbing plants in a forest illustrate such 
appropriation of (55.2123) cognate monads. In human society, 
non-incorporative appropriation is most evident in group terri- 
tory, such as hunting-grounds, and group property. A human 
society may hold individuals or whole inferior societies as slaves, 
or domesticated animals, or domesticated plants. 

(55.22). The (55.220) general remarks for other levels apply 
here, and the rejections of a society can be treated in the light of 
its appropriations. We may speak of plant societies, rather than 
individuals, as (55.2211) emitting oxygen or manufacturing 
(55.2212) proteins, ete., for the use of animals, especially if 
some plants in the group by their positions, etc., affect the out- 
put of others. <A society sometimes loses or expels a member.?? 
Expulsion of a (55.2218) minor group would be rejection of a 
cognate monad. The (55.222) non-incorporative rejections are 
harder to recognize; but (55.2221) portions of a once-sheltering 
environment are left behind in migration, and the integrity of a 
group is sometimes maintained by (55.2222) resistance to other 
individuals or (55.2228) groups. 

(55.23). There is, as Giddings says, a continual interchange 
of matter and energy between a population and its environ- 
ment.22 Any combinations of the appropriations and rejections 

21cf. F. H. Giddings, Principles, p. 270. 

22, E. Clements, op. cit., pp. 239f.; cf. F. H. Giddings, Principles, p. 


271. 
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of societies may be included here—in particular, (55.23126) re- 
placements of native herbs by foreign weeds,** as well as any 
(55.23117) inecorporative or (55.23217) non-ineorporative inter- 
actions involved in migrations.2> There are (55.231391) pre- 
emptions, where one society or species is first to secure a given 
food supply; (55.231392) conflicts between various societies, as in 
plant competition,”® or war, with capture of spoils; (55.231393) 
reinforcements and cooperations; and (55.231394) interchanges, 
as of oxygen and organic compounds between animals and plants, 
or trophallaxis between a nest of ants and insects outside the 
nest,?" or barter in human societies. The (55.23217) motions of 
societies are more evident in migrations of marine plants than 
land plants and in motile animals than sessile animals; but even 
the stationary rest of the land plants involves a combination of 
appropriation, as in taking root, and of rejection, as in resistance 
to wind or shocks. In their seasonal migrations, some animals 
as well as human hordes, exhibit (55.23218) oscillations. ‘‘In 
social as in other activity,’’ says Giddings, ‘‘action and reaction 
are necessarily equal, and all motion therefore is necessarily 
rhythmical.’’?8 Incorporative and non-incorporative interaction 
are constantly (55.233) combined; the two together appear 
prominently in (55.2331) the changes which a society effects in 
the environment. 

(55.24). Interactions of constituent monads persist within 
societies; they are characteristic of the societies, but in order to 
be studied they must be localized in the constituent organisms. 
Some of the (55.2421) persistent non-incorporative interactions 
are evident in social measurements. An example of (55.24127, 
59.24217) persistent translational motion and rest is seen in the 
transfer and storage of food in ‘‘social mobility,’’ *® as well as 
in migrations of individuals from horde to horde.*® There is 
(55.24128, 55.24218) persistent rhythmical motion in the ‘‘cir- 
culating medium’’ of termite colonies,** and in the passage of 

24G. E. Nichols, ‘‘ The Terrestrial Environment in its Relation to Plant 
Life,’’? in M. R. Thorpe, ed., Organic Adaptation to Environment, 1924, 
. 29. 

: 25 F, E. Clements, op. cit., pp. 239/f. 

26 Ibid., pp. 257ff. 

27 W. M. Wheeler, op. cit., p. 174. 

28 F. H. Giddings, Hlements, pp. 335f. 

29 cf. P. Sorokin, Social Mobility, 1927, p. 133. 
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individuals to and fro or round and round in the discharge 
of any societal functions. There are abundant examples of 
(55.241392) conflicts of individuals within groups. In order 
for a society to stay together, there is usually some (59.241394) 
mutual nutritive relation or at least a (55.242394) mutual “‘spac- 
ing out’’ or sharing of territory between constituent members. 

(55.25). Theoretically one would expect even in (55.251) a 
simple societal structure the beginnings of differentiation. It is 
not so evident in plant societies, but in animal societies made up 
even of one female and one male individual there is (55.252) the 
division of labor inevitable in connection with reproduction. 
The differentiation of functional groups, both plant and animal, 
becomes more pronounced as societies increase in size and in the 
range of their interactions. Conflicts with other animal groups 
(see 55.231392) develop leadership and render social organiza- 
tion more compact. 

Any organization occurs (55.253) with reference to (55.2531) 
constituent monads of prior realms; for example, societies are 
spatial, and in spatial relationships as regards one another. So- 
cieties may be said to contain inorganic constituents which have 
been non-ineorporatively appropriated. ‘‘A forest,’’ says Her- 
bertson, ‘‘is more than an association of trees and other plants. 
It has its foundation of rock, its floor of soil, its ambient air, the 
moisture which penetrates it, and the-sun’s rays which play 
rhythmically on it.’’** Societies also include (55.2532) food 
supplies. Sometimes these are quite prominent, as in the termite 
colonies which, according to Wheeler, may be said to be bound 
together by a circulating medium of glandular secretions, fatty 
exudates, and partly or wholly digested food, just as the cells of 
the body of a higher animal are bound together by means of the 
circulating blood.*? A plant and animal group may contain 
(55.25321) members of the human species. The view that hu- 
man individuality is developed only in society is quite in line 
with biological facts and sociological emphasis.** The influence 
of individual and society is mutual and reciprocal; but on no 
account can the matrix-like shaping influence of the group be 
overlooked. As regards (55.2533) constituent cognate monads, 
Giddings says there are no constituent societies in the lowest 

32 A. J. Herbertson, ‘‘The Higher Units,’’ Scientia, 14, 1913, p. 204. 

33 W. M. Wheeler, op. cit., p. 260. 
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bands of savage men,** but he uses the term ‘‘constituent’’ in the 
sense of specialized groups, while for what we call constituent 
monads he uses the term ‘‘component.’’ It is evident enough 
that complex societies may contain subordinate social units. As 
the process of reproduction continues and the population in- 
creases, there are differentiations and subdivisions, such as 
clans.*° 

Since on several theories ‘‘mind,’’ regarded as the working of 
nervous systems, is in its higher manifestations essentially social 
rather than merely individual,*” we may say that it is societies 
which contain these (55.2534) monads of a later realm (see 
60.00 (6)). 

(55.254). The gross differentiations of societies sometimes 
appear in (55.2541) central regions; this occurs (55.25411) not 
So prominently in small societies as (55.25412) in larger ones, 
for example, when the plants in the deep interior of a forest are 
different from (55.2548) those at the edge by reason of shade, 
ete.*® If a group of animals capable of locomotion depends upon 
a few fixed localized plants for food or shelter, the animals will 
be peripheral and move around the plants, as when insects 
or birds move around the tree in which they nest. Some plants, 
like the Sequoia, outlive animals. Measured to scale, the paths 
of higher animals are much more complex than the orbits of 
planets, but this is to be expected in a world where there is cumu- 
lative coordination. Within plant-and-animal societies there 
may be a further differentiation of herbivorous and carnivorous 
animals, the carnivora in general ranging more widely than the 
animals upon which they prey. Some conservation of the her- 
bivora, as of the plants, is advantageous, for, as Wheeler says, 
if the predatory species indulges in too great extermination 
of the prey, it must either adapt itself to some other form of 
prey or automatically cease to exist.2° In mammalian groups, 
differentiation is complex, with the young dependent upon the 
mothers. In the higher animal societies, one of the most common 

35 F, H. Giddings, Hlements, p. 195. 

36 See F. H. Giddings, Principles, p. 166. 

37 See J. E. Creighton, ‘‘The Social Nature of Thinking,’’ Phil. Rev., 
27, 1918, pp. 2877ff.; J. B. Watson, Psychology from the Standpoint of a 
Behaviorist, 1919, Chap. 9. 
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p. 28. 


186 A WORLD OF EPITOMIZATIONS 


differentiations is that of leaders and followers. Locomotion 
and other factors here obscure the spatial aspects of differentia- 
tion, so that it seems strange to speak of leaders as relatively 
central and followers as peripheral. But the fact that the for- 
mer are protected by the latter and often survive them recalls 
relationships of central and peripheral monads at other levels. 
(55.255). .In plant societies, specializations of functions are 
not always evident. In some groups, (55.2551) central mem- 
bers furnish support for others, and in large groups (55.2552) 
intermediate members, by gradual transmission of peripheral 
changes, tend to conserve members at the center. The (55.2553) 
peripheral members are most exposed to outside interactions, and 
may help to protect the others. Economic determinism, with its 
materialistic interpretation of history, might even suggest the 
view that plants, as the primary food supply, ultimately control 
the animals including man. In animal societies, leaders and 
followers exercise specialized functions, often correlated with 
differences of sex, aS In many remarkable insect societies. 
Wheeler says that the queen ant is really the reproductive organ 
of a colony, considered as a superorganism.*® In an animal 
herd, where one male succeeds in suppressing the others and 
ruling alone, we get a patriarchal condition, which, as Klaatsch 
Says, In many respects suggests the idea of a family.*t In hu- 
man societies, some differentiations on the basis of sex, age, and 
generation are found everywhere. The leaders direct the fol- 
lowers; the followers often protect the leaders, and also defend 
the plants upon which they all depend. Along with these spe- 
cializations are others familiar in divisions of labor. In animal 
societies, many divisions of labor, often correlated with differen- 
tiation of sex, anticipate the arrangements in human groups. 
As Mason says, ‘‘there were quarriers, miners, lumberers, glean- 
ers, some say planters, fishermen, fowlers, trappers, and hunters, 
before there was a genus homo.’’*® The differentiation into 
what Goldenweiser calls ‘‘functional grouping’’ in the most 
primitive human societies probably does not go much beyond 
these differentiations of sex, age, and generation, although per- 
haps even here a family or local group may specialize in some 


40 W. M. Wheeler, Social Life Among Insects, p. 206. 
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one pursuit.4? Sometimes societies or clans exercise special 
functions.** 

(55.26). <A society notably regulates its members. Examples 
of (55.261) mutual regulation are found in any sharing of 
shelter or food among the members of a group, and examples of 
(55.262) referential regulation in leadership. A group may also 
regulate its interactions with reference to (55.263) objects in the 
environment, either real or supposed. 

(55.27). Societies grow by the addition of new portions of 
the environment and by the addition of new members, especially 
in processes of reproduction. Spencer saw long ago that ‘‘soci- 
eties, like living bodies ... originate from masses which are 
extremely minute in comparison with the masses some of them 
eventually reach.’’ *° They are depleted by losses, which include 
the deaths; desertions, and expulsions of former members. There 
need be no doubt that this process goes on with reference to a 
(55.271) limit, whether or not the Malthusian theory is the cor- 
rect expression of it. Flocks and herds in any given habitat, 
according to Giddings, have a normal size which is a phase of 
the established equilibrium of nature.*® 

(55.81). Societies sometimes arise in the earth by repeated 
production, virtually independent of one another. Wheeler says 
that at least thirty different social organizations have arisen de 
novo among insects.*? 

(55.82). Both plant societies and plant-and-animal societies 
(55.3211) reproduce when a few organisms leave the parent so- 
ciety and set up a new one. In the plants, particularly, the 
separating organisms may not be mature. Outstanding exam- 
ples among animals are seen in the swarming of bees. In primi- 
tive human societies, families with the utmost freedom detach 
themselves from one camp and form a new one.** A process 
even suggesting mitotic division is observable in the reckoning 
of descent by maternal or paternal line only, and the importance 
which this reckoning has in the customs of exogamy.*?® 
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(55.383). Sometimes there are possibilities of the origin of a 
new society by (55.3312) cooperation or joint action, with 
(55.8313) contributions from two parent societies. Giddings 
notes that groups from different places of origin may meet and 
commingle on a new feeding ground.”° 

(55.84). Multicellular organisms in societies persist in repro- 
duction, thus affording some of the chief means of societal growth 
and occasions for societal differentiation. 

(55.35). Societies exhibit numerous (55.351) resemblances, 
but in such complicated monads the (55.352) differences are 
bound to be conspicuous. Wheeler says that among insects there 
have been a number of social organizations at least incipiently 
analogous to our own.*! Aside from factors of intelligence (see 
Chapter XX, 8), the principal differences which distinguish the 
primitive human societies from the others are articulate speech, 
the use of tools and fire, and the domestication of plants and 
animals. Some of these processes are found in sub-human 
groups; but in man they seem to be combined in more varied 
ways, with combinations better sustained and developed. Re- 
semblances and differences between societies of all kinds are 
. (53.853) used as bases of classification. 

(55.86). These monads are so complex that no very detailed 
or continuous serial arrangement is possible. Wheeler notes 
among ants a graded (55.8622) evolution of social conditions 
from very primitive forms, or colonies of a few individuals with 
comparatively feeble caste development, to highly specialized 
forms with huge colonies, comprising hundreds of thousands of 
individuals.°* Sutherland has tried, for human societies, to es- 
tablish a correlation between numbers and societal organiza- 
tion, according to which groups numbering from 10 to 500 
are wandering savages; groups from 1000 to 5000 are at the 
barbaric stage, nomadic or agricultural; and groups of 100,000 
or more are states. Marett says of this work: ‘‘I am disposed to 
accept his general principle, that on the whole and in the long 
run during the earlier stages of human evolution, the complexity 
and coherence of the social order follow upon the size of . . . the 
food group.’’ 8 

2? (55.87). There are no evidences of periodic relationships, 
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as distinguished from rhythmic processes,** here, but such rela- 
tionships may possibly be inferred by analogy with other levels 
(see 56.87), and there may be a similar meaning hidden in the 
loose statement that history repeats itself. 

(55.88). Since the members of a given migrating society have 
come from a parent society, there is some basis for a theory of 
heredity with (55.3803) transference, etc., in these monads. But 
since (55.3813) any given individual members die before many 
years have passed or many migrations have been accomplished, 
such connections are soon rendered remote. If some of the non- 
incorporatively appropriated animals, plants, and inorganic sub- 
stances be included in a society, the transfer of property by in- 
heritance, or social heredity, assumes much importance.®> Ac- 
cording to Goldenweiser, the most significant and omnipresent 
function of the family is that it serves as the principal point of 
transfer of civilization from one generation to another, trans- 
ferring not merely material things, but also ideas, attitudes, and 
customs.*® 

(55.41). Societies are subject to disintegration. Spencer 
saw that in a society, as in an individual organism, the lives of 
the constituent units continue for some time if the life of the 
‘fageregate’’ is suddenly arrested, while if the ‘‘aggregate’’ is 
not destroyed by violence its life greatly exceeds the life of its 
members.*? But disintegration often (55.411) extends to the 
deaths of constituent individuals. Giddings says that those spe- 
cies which willingly or unwillingly abandon sociability are bound 
to decay.®® Often the disintegration (55.412) results from con- 
flict with other societies, whether plant, animal, or human.*® So- 
cieties (55.413) disintegrate into the environment, as the per- 
ished civilizations go to show. From this point of view, plants, 
since they survive the animals and thrive upon their remains, 
may be said sometimes to be means of relaying the energies of 
animals into the environment again; but animals might dis- 
integrate into the environment as a result of merely physical 
processes, if bacteria were absent. The deaths of some indi- 
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viduals may be (55.414) retarded by group organization (see 
00.2003) or hastened as a result of a conflict of factions. 

(55.42). Societies aggregate into huge populations. This is 
especially true of plants.®° Giddings says human hordes may 
temporarily congregate in large numbers. But where they do 
not permanently combine with one another under the leadership 
of a common chief, and where there is no organization that binds 
them together into a larger whole, they do not constitute a soci- 
ety of a higher order. 

(55.43). Within the larger general population, some more 
definitely organized societies are gradually integrated. As Gid- 
dings, using a different terminology, says, the commingling of 
ethnical elements by congregate association does not end with a 
mere intercourse of groups which have come in contact. They 
intermarry, and the congregation and the genetic aggregation 
become inextricably intermingled.®** He says such ‘‘social com- 
position’’ is like the composition of living cells into a large 
organism.®* In what he ealls this second class of ethnical soci- 
eties, he places all communities in which several hordes have 
become welded into a larger and more definitely organized soci- 
ety, occupying a defined territory, speaking one language or dia- 
lect, and conscious of its unity.°* As regards territory involved, 
these new monads are what Mason would call inter-areal, between 
small contiguous provinces.® For Giddings, the consolidation 
of several hordes results in a tribe; the best examples are found 
among the North American Indians.** Giddings mentions four 
possible explanations for the metronymic tribe: that the tribes 
originate from clans by integration; that a single horde grows to 
tribal dimensions and becomes differentiated (a case, we should 
say, of integration by ‘‘staying together’’) ; that the hordes be- 
come differentiated into clans and the clans integrated into 
tribes; or that clan-hordes draw together into a tribal organiza- 
tion.®” Several circumstances have been suggested as unifying 
factors—for example, necessity of seeking common shelter; ® 
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festivities; the totemic bond; flood; fire; drought; friendliness; 
and, of course, defence and aggression.®® Often the integrating 
groups are (55.431) in the dyadic relationship, as when a con- 
quering group amalgamates with a conquered. Most theorists 
are agreed that social integration results in (55.482) economy of 
energy. : 

(55.44). Hither (55.441) the integrating hordes or groups or 
else (55.442) differentiated societies of similar grade, such as 
particular families and local groups, are prominent in the new 
monad. 


69 F, H. Giddings, Principles, pp. 169, 261, 273/f. 


CHAPTER XIII 


HuMAN Societies, TRIBAL AND NATIONAL: IMPERIAL AND FEpD- 
ERATED STATES: RACIAL OR CONTINENTAL CIVILIZATIONS: 
THe TotaL Biotic PoPULATION OF THE HARTH 


“The macrocosm was first modelled upon the microcosm; and the 
primitive microcosm is the tribe.” 


F. M. Cornford, From Religion to Philosophy, 1912, p. 53. 


“The vital systema naturae which the naturalist discloses is also a 
cosmos.” 
J. A. Thomson, The System of Animate Nature, 1920, 
Vol. 1, p. 324. 


Human Societies, Tribal and National 


(56.00). From this point on, social development may be 
treated as if it concerned human societies only, because primitive 
human societies tend to incorporate animal and plant societies 
by domestication, to hold them as property, and, with these in 
their possession, to be integrated into more and more inclusive 
monads. The monads of this level include tribes and nations. 
A tribe, according to Giddings, occupies a defined territory, 
speaks one language or dialect, and is conscious of its unity.+ 
Local organizations of tribes may result in nations. This in- 
volves some consideration of philosophy of history. Of course 
there can be no adequate philosophy of history which does not 
take account of the functions of mind in the world, and in our 
treatment the functions of the mind are rather artificially post- 
poned (see Chapter XX, 8). We are now concerned only with 
the biotic groundwork and structure for philosophy of history, 
often hidden in the apparent result, but none the less indispen- 
sable. 

(56.10). Individuation at the tribal level is (56.11) relative, 
so that often these monads are difficult to distinguish. There is 
first of all a relative individuation with respect to (56.111) the 
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geographical environment. Societies tend to develop in culture 
areas where raw materials abound. According to Mason, even 
now many of these separate culture areas, in spite of the mixing 
of peoples in the historic past, may still be traced in North 
America.’ Giddings says that societies in which the development 
of social activities and relationships is carried far beyond any- 
thing seen in the lower hordes are found always in relatively 
bountiful environments, like the valley of the Yellow River, or 
the Nile, or the Rhine.* Individuation is also relative to 
(56.112) plant-and-animal societies, marine and terrestrial, and 
to human hordes, as well as to (56.113) other tribes. Tribes 
(56.1131) differ in activity or aggressiveness; as Giddings says 
‘fone community desires change and admires enterprise; an- 
other cares only to keep things as they are.’’ # 

(56.12). Ogburn says that the organization of primitive tribes 
results from a union of smaller divisions, as in the case of the 
Navaho Indians, or in a subdivision of a larger group, as among 
the Indians of the North Pacific Coast of America, and adds, 
‘“This phenomenon, sometimes called convergence, is of consid- 
erable theoretical significance, and has been frequently dis- 
cussed.’’°> This is the principle which we have extended to 
monads of all except marginal levels, in maintaining that in- 
dividuation is convergent, and that the same monad may be 
regarded from the point of view either of integration or differ- 
entiation. Recognition of this, as well as of varying complexi- 
ties of organization (see 56.13), helps to offset the difficulties 
indicated by Goldenweiser when he says, ‘‘A clan in one tribe 
may stand for what a family represents in another, a local group 
here may mean the same that a phratry or dual division does 
there, a tribe or group of tribes may function in one place as a 
clan or village or an age group functions in another.’’® 

(56.18). Among the (56.131) simple types of organization, 
the (56.1311) simplest would be a tribe composed of two hordes, 
perhaps a conquering and conquered. One might expect 
(56.1812) other simple unions, as well as (56.1313) loosely cen- 
tralized amalgamations. Tribes are (56.132) compounded, as in 

20. T. Mason, in W. I. Thomas, Source Book for Social Origins, pp. 
39, 44. 

8 F. H. Giddings, Principles, pp. 84f.; cf. p. 297. 

4. H. Giddings, Elements, p. 294. 


5.W. F. Ogburn, Social Change, 1922, p. 88. 
6A. A. Goldenweiser, Harly Civilization, p. 266. 
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regional populations, and the higher organization of tribes into 
confederations or nations with some semblance of a central 
government gives (56.133) complex forms. A famous example 
is the ‘‘Six Nations’’ of the Iroquois Indians. Giddings places 
such a unit in the third class of ethnical societies. He says that 
the great historic peoples were created by the superposition of 
races or sub-races; this appears, for example, in the history of 
Palestine, Greece, Rome, Germany, and England.’ 

(56.14). As all economic, political, and euthenic history 
shows, the individuations of such monads are affected by their 
other monadic characteristics. 

(56.20). The interactions of tribes or nations are not different 
in principle from those of hordes or families; there is no need 
to go through all the details. The differences are in magnitude 
of operations and in elaborateness of differentiations and divi- 
sions of labor involved. Processes of (56.21) appropriation and 
(56.22) rejection are almost inevitably (56.23) combined. Gid- 
dings notes that it is in a social population, more than in any 
other mass of matter, that motion is simultaneously lost and ab- 
sorbed. There are sometimes (56.23127, 56.23217) tribal or 
national migrations, but for the most part the social monads of 
increasing size tend to remain within their territorial boundaries, 
albeit expanding them from time to time. There seem to be few 
if any ?? (56.23128, 56.23218) rhythmic or periodic migrations 
of groups larger than tribes, although some famous sites have 
been occupied and reoceupied. More importance than ever ac- 
crues to processes of (56.231394, 56.232394) exchange. For 
example, in one prehistoric grave near Chillicothe, Ohio, were 
found copper from northern Michigan, obsidian from Yellow- 
stone Park, mica from North Carolina, and pyrula shells from 
the Gulf of Mexico. When a food supply causes a tribe to 
migrate, various interactions may be (56.233) combined. 

(56.24). Giddings says that what he calls secondary redis- 
tributions of matter and motion are more frequent and com- 
plicated in society than elsewhere.’ In economics, polities, ete., 
persistent interactions give rise to. problems of individualism, 
provincialism, and sectionalism. Among the persistent proc- 
esses may be noted (56.2411, 56.2421) the exploitation or devel- 
opment of natural resources, or the (56.2412, 56.2422) euthenic 

tcf. F. H. Giddings, Principles, p. 297; Elements, pp. 187ff. 


8}. H. Giddings, Elements, p. 340. 
20. T. Mason, in W. I. Thomas, op. cit., p. 42. 


HUMAN SOCIETIES, TRIBAL AND NATIONAL 195 


improvement of constituent members, so long as these projects 
are undertaken by families, clans, or individuals, acting as con- 
stituent monads or differentiated parts of the tribe or nation. 
Processes of (56.24117, 56.24217) internal transmission appear 
in the transportation and distribution of commodities, as well as 
(56.24127, 56.24227) immigrants or visitors. There are nu- 
merous (56.24118, 56.24128, 56.24218, ete.) rhythmic processes. 
Pareto attempts to show by mathematical expressions that what 
is factually given in history is only the fluctuations and oscilla- 
tions of various lengths of time and of various velocities.?° 
Giddings maintains the Spencerian view that in social as in 
other activities, action and reaction are necessarily equal and 
all motion is necessarily rhythmical. Harvests and food supplies 
are alternately abundant and meager. Exchanges in fairs and 
markets are periodic.1 Seasonal migrations of individuals may 
also be included here. Some objects of value which begin to 
be differentiated as money are maintained in ‘‘cireulation.’’ 
There are persistences of (56.241391, 56.242391) preemptions 
and (56.241392, 56.242392) conflicts among constituent monads. 
Giddings says that primitive forms of trade were doubtless often 
practiced by clan-hordes before they were combined in tribes, 
and that consequently, after tribes were formed, (56.241394, 
56.242394) trade between clans of the same tribe may have con- 
tinued.?? 

(56.25). Taking for granted that (56.251) differentiation 
proceeds from simple beginnings, it is plain enough that in tribes 
and nations (56.252) functioning promotes structuration. As 
Giddings says, a large association can not hold together unless 
it develops structure.4? When tribes and their constituent clans 
grew to large dimensions, it ‘frequently happened that the clan 
organization divided into sub-clans. Then in the course of time 
the sub-clans bound themselves together as a brotherhood of 
clans, or a phratry.1* Goldenweiser'says that society has seized 
upon a large number, if not all possible kinds of relation, spatial, 
temporal, and organic, of man to nature and of man to man, 
and on the basis of these relations social divisions have grown up. 

10P, Sorokin, Contemporary Sociological Theories, p. 59. On periodie 
processes, see pp. 728ff. 

11 fF. H. Giddings, Elements, pp. 335f. 

12 F. H. Giddings, Principles, p. 280. 

13 ibid., p. 393. 

14 fF, H. Giddings, Elements, p. 259. 
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In political organization, for example, the geographical factor is 
definitely recognizable, as in the wide continental areas and 
slight development of the chieftainship in America and in the 
centralized state and the high status of the king in Africa.*® 
Social differentiations are promoted by different environments. 
In the same country one district is found to be especially well 
adapted for agriculture and another for pasture. Another, well 
supplied with metals, provides a race of smiths and producers 
of tools.1®° Giddings distinguishes between elements of the ‘‘so- 
cial composition,’’ such as families, which we call constituent 
monads, and the ‘‘social constitution,’’ or groups organized for 
carrying on special forms of activity or maintaining particular 
interests. He compares what he calls the social constitution to 
the differentiation of an organism into tissues and organs.*’ The 
effects of interactions are often (56.2521) felt by peripheral, 
coastal, or frontier groups and then gradually penetrate to 
(56.2523) those more central. 

(56.253). Many differentiations of tribes as regards consti- 
tuent monads are mentioned in the preceding discussion. The 
tribal property, (56.2531) inorganic and (56.2532) organic, 
should be included. An individual member of a primitive tribe 
is usually subject to simultaneous control of a considerable 
number of such constituent monads. He is a family man and 
a clansman, a member of the local group and of one or more 
grades of a society, or of (56.2533) several societies.1® For ex- 
ample, an Andamese individual belongs to a family, which be- 
longs to a sept, which belongs to a tribe, which belongs to a group 
of tribes.?® 

(56.254). The gross differentiations of tribes and nations are 
evident in (56.2541) central regions. According to N. C. Nel- 
son, wherever we are able to distinguish a culture center we have 
an inner area of pure development, with a surrounding zone 
more or less affected by traits borrowed from neighboring centers, 
and beyond that a distinctively foreign area.?? Granger says that 
when mankind began to pass from the stage of the hunter to 

15 A, A. Goldenweiser, op. cit., pp. 265, 281. 

16 H. Withers, ‘‘Commerce and Finance as International Forces,’’ in F. 
S. Marvin, ed., The Unity of Western Civilization, 1915, p. 205. 

17 F. H. Giddings, Principles, pp. 73, 275; Hlements, p. 176. 

18 A. A. Goldenweiser, op. cit., p. 270. 
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that of the shepherd and husbandman, dwellings were built on 
the uniform plan of the enclosed village, which was the center 
of the lands held in joint occupation. The custom of joint cul- 
tivation has scarcely yet disappeared from England.”* Gras 
speaks of ‘‘nucleated’’ villages.2* From the village manorial 
system to the fortified town was an easy transition; and centers 
of defence, as well as of worship, gradually became populous.”* 
In nations, central populations are likely to be somewhat isolated 
and conservative, whereas (56.2543) peripheral regions are likely 
to be more progressive because of external contacts. Maritime 
nations tend to develop at the periphery the differentiations 
characteristic of seaports and defences. 

(56.255). Differentiations of structure tend to be correlated 
with specializations of function. Thus a (56.2551) central re- 
gion is likely to be trophic and regulative, while a (56.2553) 
peripheral region is assimilative and protective. Semple re- 
marks that a frontier is never a line, but always a shifting zone 
of assimilation, where an amalgamation of races, manners, in- 
stitutions, and morals, more or less complete, takes place.2* We 
noted that various subordinate groups may develop as a result 
of divisions of labor; these groups tend to further specializations 
of function, apparently without direct connection with central 
and peripheral differentiations. Thus, among the Tlingit and 
the Haida, the clan system is inextricably interwoven with a large 
part of the civilization of the group. Among the Iroquois, the 
clans are the carriers of all the important socio-political func- 
tions of the League. In Africa, the clans occasionally mark 
industrial specialization. In Central Australia, they are almost 
wholly ceremonial. Four cultural features, moreover, are linked 
in geographical distribution with the clans and gentes; these are 
blood revenge, adoption, exogamy, and totemism.?®> According 
to Giddings, a tribe is always sufficiently organized to have a 
definite leader or chief, whether the leadership is based on 
executive ability and power over men, or supposed superior 
insight into things mysterious to the common mind.”* The dif- 

21. 8. Granger, Historical Sociology, 1911, pp. 125f. 

22N. 8S. B. Gras, Introduction to Economic History, 1922, pp. 537f. 


28 See F. H. Giddings, Elements, p. 278. 

24H. C. Semple, American History and Its Geographical Conditions, 1903, 
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ferentiated function of leadership is a powerful factor in regu- 
lation. 

(56.26). Regulation becomes increasingly complicated in 
tribal and national societies, and marks the passage from the 
tribe or nation to the state. According to Giddings, the primary 
purpose of the state is to perfect social integration. The first 
business of legislators, courts, and executives is to combine, 
defend, and harmonize social groups, classes, individuals, and 
interests. The social control manifesting itself in the authori- 
tative organization of society as the state and acting through 
the organs of government is sovereignty.” It is easy to recog- 
nize (56.261) mutual regulation in the tendencies summed up 
as the social or collective mind and politically active as democ- 
racy; (56.262) referential regulation in oligarchy or monarchy ; 
and (56.263) external regulation with reference to nature, more 
powerful states, or real or supposed objects of religion. In 
nations there is much (56.264) persistent regulation within con- 
stituents, as in agencies of local government. 

(56.27). The processes of growth and depletion present no 
essential feature not found in prior monads. Questions of 
(56.271) limits involve national vitality, environmental condi- 
tions, political relationships, ete. 

(56. 30). The plurality of tribes or nations may be due in 
part to (56.81) repeated integrations of hordes, but there are 
also (56.32) processes of reproduction, especially (56.3211) ‘‘by 
fission.’’? Semple notes that it is always difficult for a mother 
country to retain a peripheral territory.2? Sometimes there is 
a eareful splitting of subordinate units, at least (56.382113) 
reminiscent of mitosis; according to Giddings, when a tribe, 
becoming unwieldy, subdivided and threw off one or more new 
tribes, the division was not made by retaining certain clans in the 
old tribe and permitting other tribes to go into the new; it was 
made by taking a portion of each clan into each new tribe.*° 
He says that in general a tendency toward (56.3212) dispersion 
of population exists when, concurrently with a multiplication of 
numbers and an increase of individual energy, industry fails to 
secure an increasing return.** 

27 F, H. Giddings, Elements, pp. 203, 217. 

28 F. Ratzel, ‘‘The State,’’ in W. I. Thomas, op. cit., p. 762. 

29 E. C. Semple, op. cit., p. 47. 
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(56.33). Conflicts or conventions between two tribes or na- 
tions sometimes result in the origin of a new tribe or nation with 
a mixed population. In primitive tribes there is, either by co- 
incidence or by some strange epitomization, a process of exogamy, 
which may be studied in some points as one of (56.832) reduc- 
tion. We should in such a study (56.3321) be concerned only 
with individuals in each tribe eligible, by marriage outside the 
tribe, to take part in the formation of a new tribe, where the 
parent tribe has unilineal reckoning of descent and (56.3322) 
the dual clan organization. If to the tribal exogamy, restricting 
the marriage of a given man or woman to a woman or man out- 
side the tribe, there is combined clan exogamy, restricting mar- 
riage to individuals outside a clan or half-tribe, and furthermore 
phratry exogamy, restricting marriage to individuals outside 
the half-clan or phratry, each individual, if free to help (56.333) 
found a new tribe by marrying outside the parent tribe, is sta- 
tistically one of four *? who might thus marry. In other words, 
for every individual who thus marries, three others, each char- 
acteristic products of the given tribal organization, have 
(56.8333) been left unmarried, or have married elsewhere. This 
parallelism with multicellular organisms is not earried to the 
detail represented there by the chromosomes, and probably can 
not be carried that far. 

(56.34). Constituent monads persist in reproductions; this 
accounts for the appearance of sub-clans and castes in growing 
tribes or nations. 

(56.85). Social organizations once (56.351) similar become 
(56.352) changed in minor details under special or local condi- 
tions. There are myriad differences of size, number, and func- 
tions. Sometimes there are three clans to a tribe, and sometimes 
over one hundred.** Tribes differ in their genetic characteris- 
tics, as well as in cultures, offering (56.353) endless material for 
biometry, ethnology, and anthropology. 

(56.36). Wherever there is sufficient numerical data, ar- 
rangements in series are easy. But as regards size of popula- 
tion the arrangements have not advanced far beyond the work 
of Sutherland (see 55.86). One rudimentary serial arrange- 
ment concerns (56.3622) density of population. According to 
Ratzel, the organization of races outside the European and 


32 cf. C. G. and B. Z. Seligmann, The Veddas, 1911, p. 75. 
83 A, A. Goldenweiser, op. cit., pp. 244-7, 282. 
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Asiatic sphere of civilization does not permit any density of 
population to exist. Among hunting races there is often only 
one man to 24 square miles or more of territory. Where there 
is some agriculture, the density may be 10 to 40 in 24 square 
miles. In North America, fishing and cattlekeeping may sustain 
a population of 100 in 20 square miles; fishing and agriculture 
together, in Oceanica, 500; with trade and industry, in India 
and HKastern Asia, 10,000, and, in Europe, 15,000 in 24 square 
miles.** 

2? (56.87). Semple says that a country in germ, ‘‘like the 
human embryo’’ passes rapidly through all the lower phases of 
development before it evolves to the type of the parent stock.* 
According to Giddings, while the eritical phase of mental evo- 
lution characterizes all civil societies at a certain stage, it does 
so in unequal degrees. Some societies, having made a measure 
of progress, remain stationary ; others remain merely modifiable ; 
a few continue to be inherently progressive.*® If, per wmpos- 
sibile, all data could be assembled, and the stages of progress 
attained by nations plotted against the increasing complexity 
of their structures, relationships analogous to those of the pe- 
riodic table of atoms might appear. 

(56.38). The associations and linkages of tribes and nations 
related by descent yield material for studies of race and type. 
In all such studies, our (56.380) general considerations apply ; 
particularly when cultures are reckoned in, there are conspicuous 
(56.8803) transmissions *? from generation to generation. In 
the various ethnological units, there are (56.38111, ete.) sub- 
ordinate, (56.88112, ete.) coordinate and (56.38113, etc.) mutual 
relationships. 

(56.41). Tribes and nations may be said to grow old, and 
even to die. According to F. S. Marvin, the Greek city-state 
never acquired the permanence of the political units needed to 
build up the European commonwealth; for this, nations were 
required.*® The death of a nation may (56.411) extend to 
constituent monads; may be (56.412) hastened by rival nations; 

34, Ratzel, ‘‘Situation and Numbers of the Human Race,’’ in W. IL 
Thomas, op. cit., p. 45. 
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and, as archaeology shows, (56.413) hag some relationship to the 
environment. 

(56.42). Tribes and nations, like other societal monads, are 
aggregated in huge populations. 

(56.43). Within such general populations, occurs the integra- 
tion of tribes and nations into imperial and federated states, 
such as England, the United States, Germany, and Italy. Eng- 
land was once seven kingdoms; the United States, originally 
thirteen colonies; the German Empire, 25 independent king- 
doms, principalities and free cities.°° According to Golden- 
weiser, political organization proceeds from a tribe to inter- 
tribal relations and to the integration of tribes into higher politi- 
eal units.*° Such integration is sometimes what Mason calls 
‘inter-regional, overstepping great national barriers.’’4: The 
process of integration may appear among the results of repro- 
duction, and be not so much a ‘‘coming together’’ as a ‘‘staying 
together.’’ Integrating tribes may be in the (56.481) dyadic 
relationship of aggressiveness and submissiveness. According 
to Giddings, following Spencerian traditions, the homogeneity 
of federated units prepares the way for freedom; the (56.432) 
saving of human energy by means of successful political organi- 
zation provides the store of energy for voluntary enterprise in 
new undertakings of various kinds.*? 

(56.44). Within empires or republics, constituent states may 
(56.441) retain a large degree of individuation, as Bavaria did 
in the German Empire; or (56.442) new states of cognate im- 
portance may be differentiated, as were some new states admitted 
into the American Union. Goldenweiser says that, speaking in 
general terms, political organization tends toward integration, 
social organization towards differentiation.*® 
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Imperial and Federated States 


(57.00). In taking imperial and federated states as monads 
of this level, we seem to be considering a political rather than a 
biological aspect of sociology, but what is really a biological and 
economic unit appears here in the guise of a political unit. We 

39 F. H. Giddings, Principles, pp. 168/f. 

40 A, A. Goldenweiser, op. cit., p. 270. 
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may, with Giddings, include all ancient and modern common- 
wealths and national states in which civic association has super- 
seded an ethnic or gentile organization, and in which the per- 
manent occupation of a definite territory and the active exploi- 
tation of resources by a highly organized industry have resulted 
in the growth of great populations, ranging from hundreds of 
thousands to tens of millions of individuals.* 

(57.10). There is (57.1312) a relatively simple form in the 
Swiss confederation of a few cantons. France may be said to 
be such a unit gradually (57.13121) integrated after having 
been (57.13122) differentiated from the Holy Roman Empire. 
An example of a (57.1318) looser formation is afforded by the 
Hanseatic League. The Roman Empire was an example of 
(57.133) complex organization, as were the world empires of 
more remote antiquity. The British Empire is (57.1333) a 
union of states, like India and Australia, themselves complex. 
Another striking illustration is the gigantic federation of Soviet 
Russia. Giddings says that modern demotie societies are doubly 
and trebly and in many cases more than trebly, in his termin- 
ology, ‘‘compound.’’ * 

(57.20). As regards interactions, there is the striking ex- 
ample of (57.2112) assimilation of minor nations afforded by 
the Roman Empire in the Middle Ages.*® The fact that 
(57.2121) non-ineorporatively appropriated territory includes 
(57.2122) plants, animals, and prior human societies accentuates 
the problems of imperialism. An imperial state may (57.2123) 
hold a conquered empire in vassalage without incorporating it 
in any marked way into its own organization. The (57.22) re- 
jections and (57.23) combinations of appropriations and rejec- 
tions conform to the principles already indicated. Examples 
of (57.24) persistent interactions are afforded by the fact that 
every maritime expansion of civilization draws with it in its 
train the smaller water area which constituted its previous field, 
and operates for a long time under the influence of the latter.*’ 
Immigrants too, tend to keep up their national or racial customs 
in a new country. Constituent monads in (54.24117, 54.24217) 
persistent motion and rest give us the exceedingly important 

44H. H. Giddings, Principles, p. 299. 
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processes of transportation and storage. The business eycle *8 
is one example among many (54.24118, 54.24218) complex 
periodicities.*® 

(57.25). That an imperial or federated state exhibits (57.252) 
differentiations resulting from its interactions appears in the 
opening of new settlements to accommodate growing populations 
and in the creation of new political and economic machinery. 
All imperial and federated states include (57.2531) territory 
with (57.2532) flora and fauna. There are isolated families, 
representing our first social level; rural villages and small cities, 
representing roughly the order of complexity of a tribe; and 
constituent ‘‘sovereign’’ states, which are of the order of com- 
plexity of a nation. The modern great cities and agricultural 
**belts’’ represent (57.253233 *) different ways of grouping such 
original constituents and modifying them in interactions. All 
great cities are composite; Greater London, for example, includes 
the ancient City and 39 once independent parishes.®° 

(57.254). The gross differentiations into (57.2541) central 
and (57.2543) peripheral regions still appear, but they are sub- 
ject to various local conditions. For example, the evolution of 
seaports in America has been marked by increase of size but 
attended by decrease of number.®t Modern divisions of labor, 
with development of rapid transportation and instantaneous com- 
munication in the great states, tends increasingly to rob this 
gross differentiation of its significance. 

(57.255). As to specializations of function, Patten says, ‘‘If 
we choose to press our comparison, imperial, national, tribal, 
and village spheres of cooperative social life may be likened to 
the organic placodes and unlike specific cell-groups or cleavage 
areas of embryonic life; civic capitals and local governments 
are their representative and administrative nuclear centers; and 
manufacturing districts or other centers of social metabolism 
may be compared with plastids and other bodily organs where 
specific industries are localized.’’*? Important specializations 
of function are also to be seen in voluntary associations formed 

48 cf. P. Sorokin, Social Mobility, p. 29. 
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within a state or nation for the attainment of certain more or 
less specific ends, political, economic, euthenic, or religious. 
These organizations, which for Giddings are a mark of the 
‘‘liberal-legal’’ type of society,°* may be endlessly subdivided. 

(57.26). The great states show intricate and important proc- 
esses of regulation. Regulation of the purely democratic type 
is (57.261) mutual; but in the great states where such undif- 
ferentiated democracy is impossible, mutual regulation is ef- 
fected: in various representative systems. It is combined with 
(57.262) referential regulation when the legislative, executive, 
and judicial departments of government are related in a system 
of ‘‘checks and balances.’’ According to Giddings, Spencer’s 
description of the political organization of society as a regulating 
system that corresponds to the cerebral nervous system of an 
animal, and of the industrial organization as a sustaining system 
that corresponds to the alimentary apparatus is not fanciful. 
Giddings thinks, however, that the analogy is of limited scien- 
tific value, until it is supplemented by a close study of those 
features of social organization which are distinctive, the most 
important of these being that governments and private organi- 
zations duplicate each other’s functions.** It can now be said 
that the multicellular organism, also, is not without some dupli- 
cation, for example in nervous and non-nervous regulation. 
Regulation with reference to (57.263) external conditions or 
other nations is a potent factor in the policies of the great states. 

(57.264). In the great states, sovereignty of course is di- 
vided—e.g., between the federal, state, county, and local govern- 
ments in the United States—and becomes more and more a 
matter of degree and adjustment. 

(57.27). The growth of imperial and federated states offers 
no new principles; at this level growth at the expense of cognate 
monads is perhaps more conspicuous. ‘With modern facilities, 
it is hard to specify any (57.271) limits, except those set by the 
earth’s area and by competing states. 

(57.30). Imperial and federated states are likely to appear 
by (57.31) repeated production; but new nations may be formed 
by (57.32) colonization. As Ratzel says, when ancient races 
fall to pieces, new ones quickly (57.3213) form themselves out 
of the fragments.°> Processes of (57.84) persistent reproduc- 

58. H. Giddings, Hlements, p. 291. 


54 FW. H. Giddings, Principles, p. 194. 
55 , Ratzel, ‘‘The State,’’ in W. I. Thomas, op. cit., p. 753. 
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tion in constituent monads are illustrated by the development of 
Missouri out of what was originally Louisiana. Data con- 
cerning (57.35) resemblances and differences, (57.36) serial 
arrangements, (57.37) periodicities, and (57.38) national heri- 
tages do not differ in principle from those of monads of the 
preceding level. 

(57.41). An empire may disintegrate, as did the Holy Roman 
Empire after the unity of mediaevalism was broken. ‘‘It de- 
clined and fell because those who administered it ignored its 
economic substructure, paying no attention to the causes which 
were undermining its very material basis. .. [Further,] . 
they did not sufficiently strengthen its defences against ex- 
ternal attack. . . . In the third place, they erred by not recog- 
nizing and taking account of new forces, which in the way of 
ideas were entering into the conception of civilized life’’—such 
ideas as feudalism and nationality.°® Spengler thinks disinte- 
gration is the common lot of empires.®’ Giddings remarks that 
(57.411) degeneracy in a population is inevitably followed by 
degeneration in the disintegration of cities and in the family.*® 
The (57.412) overthrow and (57.413) ruin of ancient empires 
offer impressive examples of the general principles noted at 
preceding levels. 

(57.42). Nations of this level may be aggregated in great 
territorial or racial groups not otherwise related. The hemi- 
spheric populations seem to be conspicuous examples, although 
smaller regions illustrate the process. As P. M. Brown says, if 
it is believed that nations are only sums of individuals, then it 
is easy to assume an international organization responding to 
the same principles and laws.*® 

(57.43). There has sometimes been doubt as to the reality of 
any integration higher than the great imperial or federated 
states. Some political thinkers, under the influence of Hegel 
and his school, have taken the State as the highest form of human 
association, and humanity as a mere abstract idea. But, ac- 

56 J. A. Smith, ‘‘The Contribution of Greece and Rome,’’ in F. 8. 
Marvin, ed., op. cit., pp. 86f. 

57 QO. Spengler, loc. cit. 

58 FE, H. Giddings, Principles, p. 348; Hlements, pp. 318f. ‘ 

59 P, M. Brown, International Society, Its Nature and Interests, 1923, 
Deel. 
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cording to our view, the principles of international integration 
are not different from those of other integrations; the differences 
are differences of level. As Hobson says, the presumption lies 
in favor of those who hold that the centripetal or cooperative 
powers, which have forged the national state out of the smaller 
social unities, are not exhausted, but are capable of carrying 
the organizing process further.*t Marvin adds that we have 
to advance beyond patriotism by wider sympathies, by seeing 
analogies, by recognizing the facts of common interests and 
cooperation in the world, although in widening out from pa- 
triotism to humanity we have to follow a line given for the most 
part not by logical considerations but by external facts.°? Meas- 
ured by the principles involved in our general hypothesis, some 
form of larger international organization, like a Pan-American 
Union or a United States of Europe, is to be expected. There 
are, of course, non-political integrating forces at work; Patten 
sees that science, religion, art, education, commerce, and manual 
labor as social functions are better integrative agencies than the 
present political machinery.®* Such integrations are likely to 
unite (57.431) the stronger and more aggresive with the weaker 
and more passive powers. Hobson notes that (57.482) every 
bargain made by treaty or agreement with another state and 
every acceptance of international law or custom involves some 
real diminution of sovereign independence.” 

(57.44). It is evident from recent events that in such new 
integrates, constituent monads tend (57.441) to retain large 
measures of their independence. No strong imperial or feder- 
ated states seem to have been started by (57.442) differentia- 
tion in recent times within racial or continental groups as such, 
although any of the historical states may be viewed as differen- 
tiations within such groups. 


Racial or Continental Civilizations 


(58.00). The difficulty of drawing definite lines of demarca- 
tion between the more inclusive social monads is more than ever 
evident at this level; still there seem to be units vaguely indi- 

61 J. A. Hobson, ‘‘ Political Bases of a World State,’’? in F. S. Marvin, 
ed., op. cit., p. 267. 

62 F, S. Marvin, op. cit., pp. 303/f. 

63 W. Patten, op. cit., p. 411. 

64 J. A. Hobson, loc. cit. 
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viduated biologically in the great races of the world and geo- 
graphically and culturally in great regional or continental civili- 
zations.** ‘The ‘‘hemispheric’’ populations seem to be aggregates 
rather than integrates. It is particularly evident that (58.10) 
individuation is (58.11) relative to (58.113) cognate monads. 
There is a sense in which eastern Asia belongs to the ‘‘yellow’’ 
or Mongolian peoples, southeastern Asia and the Pacific Islands 
to the ‘‘brown’’ or Malay race, Africa to the ‘‘blacks’’ or 
Negroes, Europe to the ‘‘white’’ or Caucasian race, and the 
Americas originally to the ‘‘red men,’’ although of course all 
these individuations have been modified by countless historical 
interactions. Between races there are (58.1131) differences of 
aggressiveness. Giddings thinks that there may have been two 
primitive races of men, one a dolichocephalic, wooly-haired, black 
race and the other a brachycephalic, straight-haired, lighter 
race.°° 

(58.13). The degree of organization and the interrelations 
of racial and continental populations, with their constituent 
sub-races and stocks, are too complicated or too little known to 
be discussed in detail. Doubtless the five races just mentioned 
belong to the (58.133) complex forms. 

(58.20). Some of the clearest examples of (58.21) appropria- 
tions are the historical explorations and settlements; although 
these monads are so vast and intricate that any appropriation 
now will probably be cultural before it will be political. Just 
because the interactions of the great civilizations are on the 
grand seale, some of the (58.24) persistent interactions of con- 
stituent monads, like individual empires, are more conspicuous. 
According to Patten, the (58.241194) processes of exchange may 
be viewed as composite; the feeble signals of cell to cell and of 
man to man calling for aid and offering aid have grown to the 
call of empires and continents flashed around the world in 
advertisement of their surplus and their necessities, and ‘‘ proto- 
plasmic, cultural, and international metabolism’’ have been 
joined in one.*? The (58.253) differentiations in such racial 
and continental civilizations include ‘‘families, neighborhoods, 
hamlets or villages, parishes, towns, communes, cities, counties, 

65 cf. A. A. Goldenweiser, op. cit., p. 123. 
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provinces or departments, commonwealths, and federal na- 
ions yas 

(58.30). Races may be regarded as having developed (58.31) 
independently, or by (58.82) descent. De Gobineau has ealled 
2? (58.8333) the yellow race psychologically the male element 
and the black race the female element.*® Much study has been 
devoted to (58.352) racial differences. Giddings says that all 
tests agree in exhibiting two extreme types, the African, with 
long heads, long orbits, and flat hair; and the Mongolian, with 
round heads, round orbits, and round hair. The European type 
is intermediate, the head, orbit, and hair being oval.*° Cultur- 
ally, at least, there are indications of (58.388131) linkages. Hob- 
house says that Western civilization owes its common character- 
istics mainly to common origin and continued interaction of its 
component nations. It derives in the first instance from the 
unity of mediaeval Christendom. Through mediaeval Christen- 
dom and the Arabic schools, it derives from the Graeco-Roman 
world and the Greeks. The Greeks were aware that they owed 
the rudiments of their science to the ancient civilizations of the 
Nile and Euphrates.” 

(58.41). The great racial or continental civilizations do not 
easily disintegrate, although something of the sort has happened 
to prehistoric peoples, and even now, as the result of (58.412) 
imperialism (whether Spengler’s view ” is right or not), may 
be in process. Continental civilizations are (58.42) aggregated 
in hemispheric civilizations, and may be said to make up a world 
society, which in the League of Nations and the Hague Tribunals 
begins to exhibit marks of a (58.43) higher unity. Wallas says 
that it may be that no satisfactory will-organization of human 
beings with their present limitations, in a society on so vast a 
scale, is possible, and that we must ultimately choose either to 
live on a smaller scale or to pay for the advantages of a larger 
scale by (58.481) constant dissatisfaction with our relations to 
each other. But the effort of inventing (58.432) a better will- 
organization is at least worth while.”° 

68 F, H. Giddings, Elements, p. 190. 
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The Total Biotic Population of the Earth 


(59.00). In view of the gradually dawning sense of a unified 
economy in the earth, it is natural to add something concerning 
the earth’s total biotic population, or ‘‘biosphere.’’ 74 This cor- 
responds in a way to what Mason calls the intercontinental and 
interhemispheric widening of Oikoumenae,” but it includes not 
merely all grades of human society, but of animal and plant soci- 
ety, and even of molecular complexes and organic compounds. 
Even dead organisms not yet distintegrated but useful, e.g., for 
food, must be included. 

(59.10). The total biotic population is individuated (59.11) 
relatively to (59.111) the milieu. As Patten says, ‘‘ With the 
increase in population, migrations, and colonizations, man... 
at last, within the nineteenth century, covered all the habitable 
surface of the globe with a virtually continuous blastoderm, or 
at least with an anastosmosing network of human beings which 
were everywhere within reach of one another.’’*® And regions 
uninhabitable by man are inhabited by other animals and plants. 
The biosphere itself includes all prior monads of its own realm. 
There is at present no unmistakable indication of ?? (59.113) 
other biospheres cognate with that in the earth, although the 
possibility must be regarded as open (see 50.00). 

(59.20). Patten pictures mankind as an omnivorous world- 
wide plasmodium, incorporating into itself the helpful instru- 
mentalities of all nature lfe.”’ It is difficult to conceive the 
total biosphere as (59.21) appropriating anything except 
(59.2111) portions of the inorganic environment. According to 
Boodin’s hypothesis, the living organisms in the earth receive 
some kind of influence from ?? (59.2113) other populations out- 
side.”® Processes of (59.22) rejection apparently follow the 
principles of appropriation. The clearest cases of interaction 
are those in which (59.24) constituent monads persist ; these may 
in fact be taken to include all the interactions of the biotic mon- 
ads above considered. The biotic population shows (59.25) dif- 
ferentiations of structure, especially as regards (59.253) prior 
monads. Taking only some of the larger of these, we note that 

74 For the word, see J. A. Thomson, System of Animate Nature, Vol. 2, 
p. 854. D. J. Snider, The Biocosmos, 1911, uses ‘‘ biocosm.’’ 

75 OQ. T. Mason in W. I. Thomas, op. cit., p. 41. 

76 W. Patten, op. cit., p. 265. 
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Mason says that it is necessary to study the earth in parts, to 
anatomize it. There are certain well established worlds within 
this world; the earth is made of great isolated parts or patches. 
Each of these areas has a climate of its own, waters and lands of 
its own, minerals and plants and animals, indeed a physiography 
of its own. When a group of human beings have found them- 
selves in one of these spaces, they have developed culture and 
trades and industries of their own.?® Herbertson speaks of 
‘‘oeographical regions’’ and says that if such regions and locali- 
ties are taken as representing organs, tissues, and cells, we per- 
haps get nearest to a useful comparison, but such comparison is 
not essential and need not be pressed. Such regional leviathans 
exist, and we are each a part of them. If the geographical re- 
gion is a macroorganism, then men are its nerve-cells.* The 
(59.254) gross differentiation is perhaps incipiently that of 
(59.2541) central and (59.2543) peripheral regions; Geneva, for 
example, lies not far from the center of the earth’s land areas. 
There are, on the whole, (59.255) specializations of function as 
between plants and animals; this appears also in (59.26) regula- 
tion, especially (59.261) mutual regulation of all organic mon- 
ads, often with a special (59.262) referential regulation by a 
dominant species, such as man now is. The population may 
(59.27) grow to (59.271) the limit which the earth is capable of 
sustaining, 

(59.80). If other biospheres exist, for instance in Mars or 
Venus, they may well have appeared by (59.31) repeated pro- 
duction, although, (59.82) according to the theory of ‘‘pan- 
spermia,’’ it has been conjectured that life may travel from 
planet to planet by means of spores.** In the earth, constituent 
monads (59.34) persist in their characteristic reproductions. 
Consideration of possible ?? (59.85) resemblances and differ- 
ences, ?? (59.36) serial arrangements, ?? (59.87) periodicities, 
and ?? (59.38) linkages by transmission are ruled out either 
by the non-existence of other biospheres or our lack of knowledge 
concerning them. 

(59.41). The disintegration of the earth’s biosphere may be 
discussed in any theory according to which the earth must some- 
time become uninhabitable. No ?? (59.42) aggregates can be 
indicated. Similarly no ?? (59.43) integrates can be discussed, 

790. T. Mason, in W. I. Thomas, op. cit., p. 37. 
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whatever may be open for the imagination concerning them, 
Boodin thinks that the life process in the earth must not be iso- 
lated from the rest of the cosmos, but must be regarded as re- 
ceiving impulses from life elsewhere.”* If this is true, it consti- 
tutes a striking parallel for the process of language between 
persons (see 69.43). But it is impossible to say whether the 
biotic population is thus aggregated or integrated. If it is, 
the new integrate is contained not in an astronomical body, but 
in an astronomical system. And here, in what must for the 
present be for us a marginal case, we can not be sure that the 
earth’s biotic population constitutes a monad and marks a new 
level in the complete sense of the term. We said that the chief 
eriterion of an integrate, as distinguished from an aggregate, is 
capacity to integrate again into a monad of a still higher level, 
and no one knows whether the earth’s biosphere does this or not. 
Nor, if it does, can any one tell what is ?? (59.441) the place of 
the earth’s biotic population in such a monad of biotic popula- 
tions. 
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PART THREE: THE NEUROPSYCHOLOGICAL REALM 


“Tf we apply this way of thinking to the whole of the cognitive 
structure of a well developed and well organized mind, we see that it 
approximates to a microcosm which mirrors the macrocosm, the world 
in which it lives and about which it thinks.” 


W. McDougall, Outline of Psychology, 1923, p. 263. 
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CHAPTER XIV 


GENERAL CONSIDERATIONS CONCERNING THE NEUROPSYCHOLOGICAL 
REALM: Its Intr1Au Levert IDENTIFIED AS NEuRoID Con- 
DUCTIONS IN EXCITATION ARCS 


“The analogies between intelligent and instinctive behavior on the 
one hand and the organic processes of active adaptation on the other, 
as these are expressed in changes of form, are striking and profound.” 

BK. S. Russell, quoted by J. A. Thomson, System of 
Animate Nature, 1920, Vol. 2, p. 431. 


General Considerations Concerming the Neuropsychological 
Realm 


(60.00). According to the hypothesis of epitomization, there 
are resemblances between the neuropsychological realm and the 
biotic and cosmogonic, but there are special reasons why it is 
difficult to detect them. There are first (1) the traditional con- 
troversies concerning the mind-body problem. Our hypothesis 
is close enough to evolutionary naturalism to have points in 
common with epiphenomenalism, and our doctrine that all indi- 
viduation is conditioned by interactions has points in common 
with the classical theory of interaction between mind and body. 
Our hypothesis can also find something in the theory of paral- 
lelism, which can easily accommodate an epitomization of body 
by mind, or vice versa. Altogether it leads to a view of the 
relationships of mind and body, and of mind and brain, called 
‘‘epitomizing interaction,’’ which accommodates features from 
each of the other views while exhibiting them in a new setting.* 
Just as the cosmogonic realm contains the biotic and affords the 
milieu or larger environment for the biotic, so the biotic realm 
contains the neuropsychological and affords the milieu or sub- 
strate for the neuropsychological. This rather obvious relation- 


1QOn the epistemological questions see G. P. Conger, A Course in Phi- 
losophy, 1924, Chap. 26. J. T. MacOurdy, in his Common Principles in 
Biology and Psychology, 1928, pp. 254/f, has emphasized the importance of 
levels for the mind-body problem. 
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ship can be confused by too much epistemology.? The idealists, 
for instance, regard mind as coextensive or coincident with its 
objects, while some epistemological dualists, who hold that the 
perceived object and real object are numerically two, maintain 
that these categories of container and contained are irrelevant. 
According to the view here taken, mind is nervous system at 
work, and the supposed inclusiveness of mind is interpreted as 
range of interactions or cumulative coordinations. For us, 
‘‘body’’ as a generalized term refers to a realm more extensive 
than mind, and any supposed parallelism between the two must 
be discerned in the nervous system at work as compared with 
the remainder of the body. 

With regard to the relationships of. mind and nervous system, 
one must consider, again, the data of other realms. In dealing 
with the cosmogonic, we treated material structures as energized 
and in motion; electrons and protons, for instance, were not con- 
sidered essentially apart from their motion or rest. Similarly in 
the biotic, organic compounds were not considered as essentially 
separable from their activities, nor were the biological organisms 
considered as dead. It was said that all these individuations 
were conditioned by interactions and that functioning promoted 
structuration. It would appear, then, that the neurological 
structures also are to be studied in their characteristic activities, 
and that the connection between nervous system and mind is like 
that between anatomy, or morphology, and physiology; it is the 
inseparable connection of a structure and its characteristic proec- 
ess. This is what we mean by defining a mind as a nervous 
system at work. This view agrees with Lloyd Morgan’s con- 
comitance * in that the two aspects are always present; it agrees 
with the double-language hypothesis* in that we may speak 
either in the one set of terms or in the other. 

Consideration of the monads of other realms will also help us 
to distinguish monads in the neuropsychological. These must 
be essentially monads which are active, at work, in their charac- 
teristic processes of conduction and coordination. They will 
be typified by impulses, by conductions, by reflex actions—or, 
as Dunlap would say, by arec-reflexes rather than by reflex-ares.° 

2 See G. P. Conger, op. cit., Chap. 25. 

8C. L. Morgan, Life, Mind, and Spirit, 1926, p. 8. 

4C. K. Ogden, The Meaning of Psychology, pp. 26f. 


5K. Dunlap, ‘‘Museular Activity and Thought Processes,’’ Sci. Am. 
Supplement, 78, 1914, p. 322. 
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The more or less persistent structural element which we know 
aS a neuron is used over and over in different reflexes, just as 
the more or less persistent protoplasmic structures are used over 
and over again for food in different living organisms. The 
monad here, we might say, is not an excitation are but an excited 
are. The distinction is often missed because each of us observes 
the nervous systems of other organisms usually only after death. 
When we come to nervous systems as organized wholes or monads 
(see 69.00) we shall see that the nervous reflexes, ete., of an 
organism are parallel to the living organisms of a biosphere, 
while the unactivated reflex-arcs are parallel to the dead or- 
ganisms, which, although usually disregarded, have to be in- 
eluded in a biosphere. Another reason for missing the distinc- 
tion follows from the differences of rate of processes in the 
various realms. An atom or an organism seems to us relatively 
permanent; we do not observe it long enough, or finely enough, 
to detect the full detail of its flux, and so tend to think of it in 
terms of structure rather than of process. But each of us is in 
position to be acutely aware of the flux of his neuropsychological 
processes. 

Another difficulty which arises in the neuropsychological realm 
is that (2) at the outset there seems to be such a difference be- 
tween specifically ‘‘nervous’’ structures like neurons and the 
sense organs or the attachments in the muscles.®° The difference is 
more conspicuous in the popular than in the technical view; 
nevertheless it is sometimes emphasized in the literature and 
even in the laboratory. Always it serves to obscure outlines 
which should be discerned for the relative individuation of the 
neuropsychological monads. For our purposes, these monads 
must be considered as activated and intact, and including at 
least some portions of the appropriate receptors and effectors. 
Individuation is only relative, and it is difficult, if not impossible, 
to indicate with precision where neuropsychological processes 
are distinguished from physiological processes. Parker, noting 
that the term ‘‘nervous system’’ ordinarily does not include the 
effectors, calls the whole chain of related parts a ‘‘neuromuscular 
mechanism.’’? Not merely is it difficult to fix the limits of 
relative individuation of the neuropsychological monads in the 
midst of biotic structures; it is perhaps even more difficult to 

6 See F. G. Parsons, ‘‘Nervous System,’’ Encyc. Brit.,11 Vol. 19, pp. 


401f. 
7G. H. Parker, The Elementary Nervous System, 1919, p. 19. 
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fix the limits in the midst of cognate monads. But there seems 
to be a reason for this difficulty in (3) certain general conditions 
which obtain throughout the cosmos. According to our view, 
there runs through the cosmogonie, biotic, and neuropsychologi- 
cal realms a cumulative coordination (see Chapter XX, 5). The 
biotic realm, in which the living organisms with their metabo- 
lism are clearing houses for inorganic and organic substances, 
represents a stage of this coordination; but the neuropsycho- 
logical realm, for instance in perception, coordinates everything 
which the organism uses as food, together with vast numbers 
of distant objects not thus used. In the human nervous system 
this coordination reaches its most intricate development. Quite 
literally, it ‘‘comes to a head.’’ 

Still another difficulty is rooted in the multiplicity of the 
data and the fact that (4) evolution and adaptation, as regis- 
tered in embryology, have operated to conceal many of the steps 
in the development of the nervous system in any individual of 
the later species. To get at these steps most clearly, we are 
obliged to consider phylogeny rather than ontogeny, and this 
at first gives the appearance of marked differences between the 
neuropsychological and the biotic data. When nervous sys- 
tems are considered in ontogeny, we have unnumbered instances 
of such systems; but we have only one indubitable instance of 
a biosphere, the one in the earth. 

The point about cumulative coordination helps us to deal - 
with one more difficulty, which has sometimes loomed so large 
that the only solution for it has seemed to be an idealistic phi- 
losophy. This is the difficulty of (5) the felt uniqueness of the 
psychical, as contrasted with the neurological. The two seem 
incommensurable; but the hypothesis of epitomization provides 
a reason for this very property. One needs first to accept the 
presuppositions of realism (see Chapter I, 3) and the notion 
of creative synthesis, or integration (see 00.43), which as ap- 
plied to nervous structures of various grades amounts to more 
and more inclusive coordinations. By reason of integration, 
new qualities appear at every level; there is a characteristic 
newness about the atoms as compared with electrons and protons, 
about the cells as compared with molecular complexes, and so 
on. And when at last the level of mind in society is reached, 
the characteristic newness is in us; we are the new things. That 
we should find ourselves different from the world around us, 
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and find our concrete experience different from our perceptions 
and theories of nervous systems, is, then, just what we might 
expect. 

This does not meet all the difficulty, for we are not merely 
different from the prior monads; we seem to be (6) uniquely 
placed with reference to the whole process. It is always difficult 
to see one’s own standpoint. Doubtless every monad somehow 
mirrors the universe, but, according to the hypothesis of epito- 
mization, we mirror it in our own unique way, at what for us is 
the culmination and focus of its coordinations. Because of some 
special conditions at this focus—the fact, for instance, that the 
sense organs which serve our most accurately descriptive sci- 
ences are directed outwards from the body rather than inwards 
—even if the focal processes seem to us to be luminous, the struc- 
tures are obscure and at best only indirectly inferred. This 
heightens the sense of our difference from other structures and 
processes, and broadens the supposed gap between mind and 
body. There is always a discrepancy between the neurology of 
an observed organism and the psychology of an observing or- 
ganism. Behaviorism attempts to disregard this discrepancy by 
ignoring or minimizing the latter, but some light may be thrown 
on the point by considering parallelisms between realms. We 
might say that just as, according to the relativists, matter arises 
in a discrepancy between space-time systems (see 40.00), and 
just as, paraphrasing Boodin,® life may be said to result from 
a kind of discrepancy between the stages of development reached 
in different astronomical bodies, so, on the introspectionist view, 
“‘mind’’ may be said to consist in just such a discrepancy as 
we have noted between observed and observing organisms. This 
is another way of saying that mind arises in society. To any one 
of us, the process seems coexistent with everything, while the 
structure seems to be negligible. But, viewed in its cosmic set- 
ting, the uniqueness of mind should be only what is to be ex- 
pected, without making necessary the view that mind is either 
fundamental or universal. 


The Initial Level of the Neuropsychological Realm: Neuroid 
Conductions in Excitation Ares 


(61.00). As in the earth the organic molecules, differing from 
the surrounding molecules of the inorganic environment chiefly 


8 J. E. Boodin, Cosmic Evolution, pp. 67f., 1197. 
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in the rate of their interactions and the complexity of the struc- 
tures which they are able to build up, are the initial monads of 
the biotic realm, so in some multicellular organisms, certain 
groups of cells, differing from the surrounding cells chiefly in 
the rate of their interactions in stimulation and response ® and 
the complexity of the structures which they are able to build up, 
are the initial monads of the neuropsychological realm. Just 
as the initial monads of the cosmogonie realm are not material 
structures, and the initial monads of the biotic realm are not 
living organisms, so here the initial monads of the neuropsycho- 
logical realm are not nervous tissues. The problem of their 
identification presents some difficulty. 

It has become increasingly evident in recent years that 
plants exhibit rudimentary processes of conduction. Thus, ac- 
cording to J. R. Green, the reception of the stimulus is associated 
with the outer layer of cells, the tips of roots and the apices of 
stems. The responding part is situated farther back, being the 
region where growth is active. So there is a transmission of the 
stimulus from a sensitive organ to a kind of motor mechanism, 
but the differentiation of a plant’s substance is ordinarily held 
to be merely physiological.1° Bose, however, speaks of nervous 
excitation and conduction in plants,’ and holds that there is 
some indication that in a plant a stimulus can fashion its own 
conducting path.1? This seems to indicate a break in the paral- 
lelisms which the hypothesis of epitomization seeks to detect. 
One might demand as a test of the hypothesis that just as there 
are “‘nervous’’ structures and processes in plants, so there ought 
to be ‘‘living’’ structures and processes in the stars, but it seems 
gratuitous even to consider such an unanswerable question.’® 
Perhaps this is a real break in the parallelisms; but if it is, it 
may well be only another instance of that cumulative coordina- 
tion which in the later realms seems to supervene upon the more 
precise parallelisms and epitomizations of the earlier realms. | 

According to Child, not merely plants and animals, but also 
amoebas exhibit metabolic gradients.14 Parker thinks there is 

9G. H. Parker, op. cit., p. 76. 

10 J. R. Green, ‘‘Plants: Physiology,’’ Encyc. Brit.,11 Vol. 21, p. 753. 

11 J. C. Bose, Plant Autographs and Their Revelations, 1927, pp. 193, 200. 

12 P. Geddes, The Life and Work of Sir Jagadis C. Bose, 1920, p. 212. 

13 See W. W. Campbell, reported in New York Times, 74, June 16, 1925, 

#iDs 
¢ 14. M. Child, Origin and Development of the Nervous System, p. 242; 
Physiological Foundations of Behavior, pp. 58, 204. 
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probably neuroid conduction in Protozoa, and Kofoid and his 
associates have reported the discovery of a whole ‘‘neuromotor 
apparatus’’ in such species.1® Such anticipations of neuronic 
structures and processes in unicellular organisms may perhaps 
be paralleled by anticipations of organic and cellular structures 
and processes in atoms—e.g., by the arrangement or tendency 
toward an arrangement of electrons which is found in the 
normally tetravalent atom of carbon. But at all events, cumu- 
lative coordination would lead us to expect that the unicellular 
organisms would be more intricately coordinated than the atoms. 

At any rate, if the initial neuropsychological monads are to 
be looked for in multicellular animals, it is held that sponges 
represent that stage of evolution in which a primitive type of 
muscle tissue has made its appearance unaccompanied by spe- 
cifically nervous elements.*7 Child says that an excitation sys- 
tem in which local specialization of receptor, conductor, and 
effector, or some of them, has begun may be distinguished physio- 
logically as an excitation are. It may differ from a simple 
gradient in an indefinite number of ways.1® The term ‘‘re- 
flexes’’ might be applied to these monads if we recall, with 
Jennings, that it is more usual to consider the reflex as a certain 
type of action without regard to the particular anatomical 
structure involved.’® Parker’s term is ‘‘neuroid transmis- 
sion.’’?° Remembering that the unit is the impulse rather than 
the persisting are, we shall speak of ‘‘neuroid conductions in 
excitation arcs’’; or, sometimes of ‘‘excited ares.’’ 

(61.10). The individuation of these monads (61.11) is rela- 
tive to (61.111) the remainder of the animal body and the 
environment, and also to (61.113) other conductions. They 
differ from one another in (61.1181) direction and rate. 

(61.12). Since neuroid transmission probably occurs in many 
tissues of higher animals, although it is not easily detected,”° and 
since we regard the later neuropsychological monads as typically 
including receptors and effectors, we may suppose that neuroid 
conductions or their representatives are differentiated within 


15 G. H. Parker, op. cit., p. 48. 

16 See C. J. Herrick, Neurological Foundations of Animal Behavior, pp. 
78ff. 

17G. H. Parker, op. cit., p. 49. 

18 0, M. Child, Origin and Development of the Nervous System, pp. 236f. 

19H. 8, Jennings, Behavior of the Lower Organisms, p. 277. 

20G. H. Parker, op. cit., p. 64. 
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the later processes, and that their individuations are therefore 
eonvergent. 

(61.13). As regards different complexities of organization, 
Kleinenberg thought that receptor, conductor, and effector were 
found in one cell in the Hydra ectoderm.” Perhaps the 
(61.1311) simplest multiple-celled structures exhibiting neuroid 
conduction are the constrictor muscles which close the exhalent 
apertures of a sponge.** According to Parker, muscle arose 
first in phylogeny, and the effectors thus produced were the 
first element of the neuromuscular mechanism. These effectors 
were directly stimulated and were consequently slow in action.?® 
But each of these, according to Child, is a system combining 
receptor and effector functions. Child says that even the most 
highly specialized effector must be capable of receiving stimuli 
from without and that the receptor-conductor-effector system is 
present in sponges either in single cells or in cell-series.2* In 
Actinia there are ectoderm cells which have externally a recep- 
tive hairlet and internally a contractile fiber, which latter con- 
tracts when the receptive hairlet is stimulated. Hertwig 
thought that (61.1312) in coelenterates receptor, conductor, and 
effector (61.13121) arise separately.?® According to Child, local 
multicellular ares, formed ?? (61.138122) in a secondary sessile 
condition of the sponge, as well as general axial ares, may all 
exist in the same individual and so far as nervous development 
is concerned may all be equally primitive.27 And we might add 
that if, as seems unavoidable in primitive organisms, the excita- 
tion gradients or ares cross one another’s paths, then by such 
eanalizations of the organisms they afford the beginnings of 
(61.133) still more complex ‘‘action systems.’’ 

(61.14). Hach of these monads is a conduction passing in a 
group of cells; its relative individuation is maintained or modi- 
fied by its other monadic characteristics. 

(61.20). The interactions of conductions in excitation ares 
are, in a way, selective. Child says that in general the sus- 

21C, M. Child, Origin and Development, p. 238. 

22 See C, J. Herrick, op. cit., pp. 86f. 

28 G. H. Parker, op. cit., pp. 237f., 1997f. 

240, M. Child, Origin and Development, p. 241. 

25 ©. S. Sherrington, The Integrative Action of the Nervous System, 1906, 
p. 309. 


26 G. H. Parker, op. cit., p. 23. 
270. M. Child, Origin and Development, pp. 242f. 
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ceptibility gradients of simpler organisms and the earlier stages 
of development are non-specific in relation to particular agents 
and conditions; the relation is between susceptibility and rate 
rather than kind of change.*® As in parallel levels of other 
realms, interactions at this level are inferred from evidence 
drawn primarily from monads of later levels; the inference is 
that the general principles of conduction are the same regardless 
of structure involved. 

(61.21). An excitation are, already physiologically alive, 
exhibits appropriations when it is stimulated. In organic com- 
pounds, appropriation is chemical rather than peculiar to living 
organisms as such, and here the action of the ares is physiological 
rather than peculiar to nervous structures as such. <A stimulus 
is originally an event in the environment, although at early 
stages of development its place can be taken by an event within 
the organism.*® According to Tashiro, stimulation consists in 
the local increase of metabolic activity at the point of irritation.®° 
These appropriations may be (61.211) incorporative, as when a 
muscle is stimulated by (61.2111) a light-wave, an electric shock, 
chemical action, or osmotic action. Among incorporative ap- 
propriations in these ares must also be included appropriations, 
by an impulse or ‘‘conduction,’’ of any comparatively inactive 
cell or cells which may lie in its path. Something of the sort is 
indicated in Jennings’ ‘‘resolution of physiological states,’’ 
where each state is resolved into another until that one is 
reached in which the organism responds by the effectual move- 
ment.*+ Appropriations may also be (61.212) non-incorpora- 
tive. The line between incorporative and non-incorporative 
interactions is not precise, and could not be expected to be, 
in a realm so marked by cumulative coordinations. Perhaps 
examples of non-incorporative appropriations are afforded by 
stimuli of contact and pressure from (61.2121) objects in the 
environment; but in sensations of pressure there are at least 
incorporations of energy, and it seems likely that better ex- 
amples are afforded by ineffective or ‘‘subliminal”’ stimulations, 
or whatever corresponds to them at this level. As regards 
cognate monads, account might here be taken of (61.2123) ten- 
sions between different impulses or excitation arcs. 

28 C. M. Child, Physiological Foundations, pp. 76-8. 

29 cf. H. S. Jennings, op. cit., p. 231. 


80 §. Tashiro, A Chemical Sign of Life, 1917, p. 85. 
81H, 8S. Jennings, op. cit., p. 318. 
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(61.22). The process of rejection here conforms to (61.220) 
the general conditions already noted. Rejected monads are 
presumably (61.2201) abandoned or left ‘‘enotative’’ as regards 
the given conductions, although not necessarily as regards the 
remainder of the organism. Rejection is (61.2202) secondary 
to appropriation; for even if an excitation are without stimula- 
tion discharges energy as a kind of ‘‘tonus,’’ * this energy may 
be regarded as having been previously incorporated into its 
structure. Rejections may be (61.221) incorporative, when any 
part of the energy of an impulse is lost from it. This includes 
the ordinary process of (61.2211) response, with its discharge. 
Just as a stimulus may be said to originate primarily in the 
environment, so a response ‘‘eventuates’’ there; but, like a 
stimulus, a response may occur in the interior of an organism. 
The difficulty of correlating structures and processes makes it 
seem fanciful to include here any process whereby ?? (61.2212) 
a given constituent cell may cease to belong to a given conduc- 
tion, or any process where one conduction ?? (61.2213) excludes 
another ; still, it must be that we have little conception of the 
intricacy and delicacy of processes in these monads. Proc- 
esses of (61.222) non-incorporative rejection may be assumed 
to occur when (61.2221) stimuli from outside or (61.2223) 
tensions between different impulses or excitation ares fail to 
produce characteristic effects. 

(61.23). These excitations and responses are studied best in 
combinations. For instance, (61.23114) Lillie says that appar- 
ently all substances that alter the physical or chemical state of 
the plasma membrane modify the stimulation process. S. J. 
Holmes has classified reflexes of primitive organisms in relation 
to sources of excitation as phototactisms, thermotactisms, electro- 
tactisms, chemotactisms, geotactisms, etc.** Jennings notes that 
lower organisms react appropriately to representative stimuli.*° 
Verworn finds that living substance (61.28116) deprived of its 
oxygen loses its irritability, 7.e., its tendency to decompose.*® 
Owing to structural conditions in the organism, excitation ares as 

82 cf. C. S. Sherrington, ‘‘Muscle and Nerve,’’ Hncyc. Brit.,11 Vol. 19, 

. 46. 
‘ 83 R. 8. Lillie, Protoplasmic Action and Nervous Action, p. 163. 

84 H, Pieron, review of S. J. Holmes, ‘‘The Evolution of Animal In 
telligence,’’ Scientia, 16, 1914, p. 289. 


35 H, 8. Jennings, op. cit., pp. 317, 333. 
386 M. Verworn, ‘‘ Physiology,’’ Hncyc. Brit.,11 Vol. 21, p. 557. 
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such are not in motion, although motions occur within them (see 
61.24217). They must, however, (61.23217) continually resist 
some tendencies to alter their individuations. Jennings finds 
that (61.231892, 61.232392) the partial physiological states of 
the different organs interact, altering each other.*® It should 
be noted that Parker finds that the flagellate cells of sponges do 
not ?? (61.232394) reverse their direction.®’. 

(61.24). Constituent monads in the excitation ares persist in 
characteristic interactions, both physiological and physical. Lil- 
le says that excitation involves a (61.2411) chemical change, 
probably oxidative in nature, as well as (61.2421) other changes 
in the surface layer of protoplasm. The excited region becomes 
electronegative, externally, to an unexcited region.*® All living 
protoplasm is excitable and to some degree capable of (61.24217) 
transmission.®® According to Lillie, apparently the current 
flowing between the excited and the unexcited areas of the reac- 
tive protoplasmic surface produces chemical effects, which secon- 
darily determine the propagation of the state of excitation and 
hence the distinctively physiological effect or response.*® There 
are (61.24218) oscillatory processes, as long as impulses travel 
in waves or in wave-like sequences.*t There are circuital proc- 
esses around the excitation are, if not within it; in excitation 
a positive current passes in the cell or tissue from the region 
of excitation to an unexcited region, with a return current in 
the external medium.*® 

(61.25). The excited ares may at first have been (61.251) 
very simple. Parker thinks that in the sponge the effectors were 
the original element, which later gave occasion for the addition 
of others.** Herrick maintains that the experiments of Parker 
really show that the so-called constrictor muscles which close the 
exhalent apertures of sponges are not isolated effectors, but that 
each is a system combining receptor and motor functions; the 
supposed organs are really neuromotor organs from the start.” 
Excitation arcs may be presumed to have enregistered the 
(61.252) effects of functioning upon structure, although no very 
evident structures are to be expected at this rudimentary level. 


37 G. H. Parker, op. cit., p. 44; cf. pp. 70f. 
38 ©, M. Child, Origin and Development, p. 73. 
89 ©. M. Child, Physiological Foundations, p. 35. 
40 R. §. Lillie, op. cit., p. 221. 
41 cf. ibid., pp. 252f., 314. 
42 G. H. Parker, op. cit., pp. 23, 199f. 
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Bose thinks that in certain cases (61.2521) a stimulus can fashion 
its own conducting path in the tissues of a plant.12 Jennings 
says that in the lower animal organisms differentiation of struc- 
ture and of physiological states must go hand in hand.*t Wher- 
ever there are electrical or chemical processes, we assume the 
presence of (61.253) the requisite structures. It will be noted 
that structure and function are here more than ever indistin- 
guishable, as befits a cosmos in which there are cumulative 
coordinations. 

(61.254). There are conspicuous gross differentiations in ex- 
citation ares, although whatever constitutes central and pe- 
ripheral portions of the are should not be confused with the cen- 
tral and peripheral portions of the animal body. Here, as in 
other monads, the differentiation may not be so apparent in 
the simpler organizations; but in general any connecting or 
coordinating cells will of course be (61.2541) central, while the 
receptor and effector cells will be (61.2548) peripheral. Dif- 
ferentiations of structure are doubtless (61.255) correlated with 
specializations of function, although the two are sometimes 
almost indistinguishable. The coordination of ciliary movement 
is, according to Parker, due to (61.2552) the cytoplasm of the 
cells, which are deeper than the cilia; the neuroid conduction 
apparently takes place in the deeper protoplasmic parts of the 
tissue.*? The names of (61.2553) receptors and effectors indi- 
cate primary specializations of function. 

(61.26). Processes of regulation within an excitation are are 
hard to detect, and yet the whole process of transmission of an 
impulse, to say nothing of adjustments between various im- 
pulses, can be construed as a tendency to (61.261) maintenance 
of equilibrium. Lillie says that apparently all substances that 
alter the physical or chemical state of the plasma membrane, 
whether they are salts, acids, alkalis, or narcotic agents, (61.262) 
modify the stimulation process.44 According to Verworn, ir- 
ritability is a disturbance of metabolic equilibrium.** Jennings 
says that partial and general physiological states will be subject 
to laws of (61.263) combination and regulation; *® he is evi- 
dently referring to regulation from the organism as a whole 
or from the nervous system as a whole. 

43 G. H. Parker, ibid., pp. 68-70. 

44 R, §. Lillie, op. cit., p. 163. 


45 M. Verworn, Hncyc. Brit.,11 Vol. 21, p. 558. 
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(61.27). Just as the growth or depletion of organic com- 
pounds does not involve any other than a chemical process, so 
the growth or depletion of excitation ares presumably does not 
involve any other than a physiological process. Thus new cells 
may be acquired as an arc is enlarged or lost as it is diminished. 
Very important for all later developments are processes which 
may be assumed to begin here; for in the later receptor-effector 
systems there seems to be involved a storage of energy, so that 
a stimulus comes thereafter to serve as a kind of trigger for the 
release of a surplus.**7 There are doubtless (61.271) limits to 
the process of inclusion of new cells within an are, although the 
limits are not easily nor precisely discernible. Experiments 
which involve reaction-times in sponges ** make it look as if, even 
at this level, there were certain limits as regards the storage of 
energies, which energies can not be retained beyond a certain 
point without discharge. 

(61.31). If what Jennings calls ‘‘physiological states’’ can 
be identified with or likened to the excitation ares active in 
neuroid conduction, we may have repeated production ‘‘accord- 
ing to different organs or parts of the body stimulated.’’*® We 
noted that Parker thinks that the nervous system in the lower 
forms of life probably arose in a scattered way at spots where 
the primitive multicellular animal had developed muscle.*® 

?? (61.32). There seems to be no evidence that one neuroid 
conduction can set up another, although before the process is 
declared impossible it would have to be determined whether 
there are in an are after conduction any delicate residual effects 
and, if there are, what becomes of them. Jennings says that 
we may imagine an organism in which a physiological state in- 
duced by a stimulus endures for a short time, influencing the 
immediately succeeding reactions.°° It may be, too, that an 
organism after one conduction and its result receives a new 
stimulus more readily and thereafter begins a new conduction ** 
in a prototype of processes later called ‘‘circular reflexes’’; if 
one remembers that the unit here is the single impulse rather 
than the persistent cell-structures, one may say that here is a 
process of reproduction like that of fission. The answer to this 

47 See G. H. Parker, op. cit., p. 200. 

48 See ibid., p. 40ff. 

49 G. H. Parker, ibid., pp. 237f. 


50H. §. Jennings, op. cit., p. 316. 
51 cf. ibid., p. 289. 
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question depends upon the degree of relative individuation ac- 
corded the monads. 

(61.34). Persistence of reproduction in constituent monads 
appears in growth or proliferation of the constituent cells of an 
are. 

(61.85). Resemblances and differences may be traced, for 
instance, in such data as those of Parker on the oscula of 
sponges.°? Jennings says that lower organisms apparently react 
to representative stimuli which, though not themselves beneficial 
or injurious, lead to conditions which are beneficial or injurious.*® 

(61.86). Lund’s work on bio-electrie currents as a basis for 
cell correlations and the influence of a given cell upon neighbor- 
ing cells °* may, if extended, provide the basis for arrangements 
in series and for studies of the evolution of different types of 
excitation ares. 

2? (61.87). Any consideration of periodic relationships 
seems remote; but it must not be forgotten that organisms of 
widely varying complexity of organization exhibit, for example, 
similar tropisms, and that, if regard were had for progressive 
complexity of the organisms, these similarities might be con- 
strued as recurrences. Perhaps here is the point of Bergson’s 
contention that, with all the varying complexities of structure, 
in organs like the eyes of different species the function still 
remains simple.®® 

(61.388). Questions of association and linkage are bound up 
with questions concerning the process of reproduction. Jennings 
says that we may imagine an organism whose physiological state 
depends entirely on the stimulus now acting upon it, the organ- 
ism returning completely, as soon as the stimulus ceases, to its 
original state. Such organisms would represent a purely reflex 
type of behavior. An advance on this condition would be rep- 
resented by cases where, as was said, the physiological state 
induced by a stimulus (61.3803) endures for a short time, in- 
fluencing the immediately succeeding reactions.®° According to 
Bovie, protoplasm is said to be organized in the dimension of 
time. In terms of relativity, to the stationary observer each new 
chemical reaction is but a deflection of this stream. These de- 

52G. H. Parker, op. cit., p. 38. 

53 H. §. Jennings, op. cit., pp. 296, 333. 

54 cf. E. J. Lund, ‘‘ Relation between Continuous Bio-electric Currents and 
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fiections constitute habit, and place habit as an event on the 
axis of time. This is necessary in order to understand successive 
associated memory.*® 

(61.41). Excitation ares may undoubtedly be disintegrated, 
particularly if (61.411) their energies are dissipated or scattered. 
Most important here is the (61.412) discharge into other ares. 
According to Jennings, partial physiological states will tend to 
discharge themselves in action or by resolution into other states, 
as in the simple organisms. Each physiological state is resolved 
into the succeeding one until that one is reached in which the 
organism responds by the effectual movement.*® An impulse 
is (61.413) discharged into the organism and ultimately into the 
environment. 

(61.42). Jennings says that the partial physiological states 
of the different organs combine to form a general state for the 
whole organism. The partial and the general physiological 
states are subject to the laws of combinations of physiological 
states,*® 

(61.48). The hypothesis which is here put forward concern- 
ing the integration of these excited arcs with their neuroid 
conductions into monads of the next level is a matter of inference 
rather than of any observation, but it is in accordance with all 
known facts in a field where there is small hope of satisfactory 
observational evidence. Assuming that functioning promotes 
structuration, we suppose that in some of the primitive organ- 
isms, such as coelenterates, delicate neuroid impulses, incessantly 
repeated ** or crossing one another’s paths along gradients, 
developed, in some of the cells and between those cells and other 
cells, certain labile structures along which energies could travel 
at different rates and doubtless with a sharper difference of po- 
tential. Parker thinks that the nervous system of primitive 
multicellular animals, arising in a scattered way, became unified 
through the need of general transmission tracts.°* Reiser has 
suggested that nervous tissue was built up by light-rays, and 
that frequencies which eluded the sensory analysis of primitive 
organisms have been active in the synthesis of receptor-con- 

566 W. T. Bovie, ‘‘The Influence of Light on Living Organisms,’’ re- 
ported in Boston Transcript, February 2, 1926, p. 4. 

57 cf. 8. T. Bok’s theory of ‘‘stimulogenous fibrillation,’’ in J. T. Mac- 
Curdy, op. cit., pp. 236f. 


58G. H. Parker, Pop. Sci. Mo., (old), 84, 1914, p. 127; cf. Elementary 
Nervous System, pp. 23ff. 
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ductor-effector mechanisms.°® We suppose that, as a result of 
such connections, the stimuli and reactions of the different 
excitation ares began to be coordinated into a higher action sys- 
tem, and that fibrils or fibers were thus developed among the 
intersecting impulses of excitation ares. It is not necessary to 
suppose that the new structures appear suddenly ex nthilo in 
the cell; more likely they are modifications, under the influence 
of manifold impulses, of gradients or cell-structures already 
present. These structures need not be thought of as ‘‘proto- 
plasmic bridges’’; according to Chambers, there is no evidence 
of the existence of the latter in the majority of cell groups of 
the metazoan body ®. <A factor in the formation of any such 
quasi-permanent structure will be (61.431) differences of rate 
in the different ares. And doubtless the new arrangement, being 
a coordination, means (61.432) economy of energy, in other 
words the release of energy for other processes. 

(61.44). Some excitation ares doubtless at first (61.441) 
persist in the new monads; later on, (61.442) structures of simi- 
lar grade may be developed there by differentiation, although 
neuroid conduction in higher animals is almost wholly obseured 
by nervous conduction.™ 

590. L. Reiser, Monist, 35, 1925, pp. 617, 627. 


60 R. Chambers, in E. V. Cowdry, ed., General Cytology, p. 238. 
61cf. G. H. Parker, Hlementary Nervous System, Chap. 5, esp. p. 64. 


CHAPTER XV 
CoNnDUCTIONS IN ReceprTor-EFFrectTor SysTEMs 


“ According to Havet ... the elements in the neuromuscular or- 
ganization of an actinian form a sequence that reproduces in minia- 
ture that seen in the central nervous organs of the higher animals.” 


G. H. Parker, The Elementary Nervous System, 1919, p. 81. 


(62.00). ‘‘In some polyps, and in the tentacles of the sea 
anemone,’’ says Herrick, ‘‘certain superficial cells are especially 
modified so as to increase their sensitiveness to stimulation, and 
their central ends are prolonged into filaments which reach down 
into contact with underlying muscle cells. Here we have a 
neuromotor unit of two cells, one of which combines the function 
of sense organ (receptor) and nerve fiber (conductor), and the 
other represents the effector.’?1 Parker’s term for such an ar- 
rangement is ‘‘receptor-effector system’’; under this term he 
includes what Herrick calls the next step in development, 7.e., 
the systems in which nervous or ‘‘ganglion-cells’’ occur among 
the fibers in the layer between receptors and effectors.” 

In accordance with the view indicated (see 60.00 (1)) we 
consider activated receptor-effector systems as the true mon- 
ads of this level, and speak of receptor-effector conductions 
rather than of the mere structures. Just as it may be difficult 
to distinguish electrons from radiations, so it may be difficult 
to distinguish receptor-effector conductions from neuroid con- 
ductions. The distinction turns on the presence of specifically 
nervous structures hard to identify. And just as protons may 
be regarded, as identical with hydrogen nuclei and considered 
along with atoms, so receptor-effector conduction may be traced, 
as by Parker, where there are ganglion-cells, and where the con- 
duction verges upon the protoneuronic conduction of the next 
level. Here, as in other realms, it need not surprise us if we 
are unable to discover in the monads assigned to the second level 
clear evidence of all the monadie characteristics. 


10. J. Herrick, Neurological Foundations of Animal Behavior, p. 90. 
2G. H. Parker, Elementary Nervous System, pp. 80, 200f. 
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(62.10). Receptor-effector conductions may be regarded as 
individuated at least (62.11) relatively to (62.111) organism and 
environment, to (62.112) other unconnected neuroid conduc- 
tions of the organism,* and to (62.113) other receptor-effector 
conductions. Between cognate monads here there is (62.1131) 
a dyadic relationship, apparently best considered as a difference 
of rate. Differences of rate are probably here ag elsewhere at 
the basis of differentiation; * some of the slower transmissions 
may be in the course of time enregistered in the structure of the 
ganglion-cells, which thus become parallel to protons. Differ- 
ences of direction are not so important; afferent conduction in 
a receptor-effector system is parallel to absorption of energy by 
either a proton or an electron, while efferent conduction is 
parallel to emission of energy by either a proton or electron. A 
ganglion-cell at the next level is the central element in a certain 
kind of reflex-are. Under local conditions, particularly in later 
monads, there may be excess of either member of the dyad 
without affecting the fundamental relationship between them. 

(62.12). Inasmuch as nerve-nets persist in higher organisms,° 
and inasmuch as refiex-ares in such organisms contain nerve-cells 
which have receptive and emissive ends,® and are connected by 
fibers and fibrils,’ and all of these are products of the differentia- 
tion of the nervous system in ontogeny, it may be taken for 
granted that, at least in the form of nerve-nets, the individuation 
of receptor-effector systems is convergent. The view that it is 
convergent accommodates both the fibrillar theory of elementary 
nervous structure * and the nerve-cell or neuron theory. 

(62.13). There seems to be some evidence of differences of 
complexity of organization in receptor-effector systems. Ac- 
cording to Parker, such a system in its (62.1311) simplest con- 
ceivable form consists of a patch of sensory cells attached to a 
group of muscle cells.2 According to Herrick, the central ends 
of certain superficial cells are prolonged into filaments which 
reach down into contact with underlying muscle cells. This 

3 cf. ibid., Chap. 5. 

40. M. Child, Physiological Foundations of Behavior, pp. 100f. 

50. S. Sherrington, Integrative Action of the Nervous System, p. 314. 

6C. J. Herrick, op. cit., p. 112. 

7G. T. Ladd and R. 8S. Woodworth, Elements of Physiological Psychol- 
ogy, 1911, p. 101. 

8 cf. ibid., pp. 113f. 

9G. H. Parker, op. cit., p. 200. 
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may constitute a neuromotor unit of two cells, one of which 
combines the function of a receptor and conductor and the other 
represents the effector.1 Parker, says, however, that practically 
every instance illustrative of such a combination is complicated 
by other developments ® presently to be noted. There may also 
be (62.1312) other simple forms; in the sense-cells of the ten- 
tacles of Bunodes, for example, although unipolar cells are 
found, many of the cells are bi-polar, with one fibril extending 
distally along the tentacle and the other proximally.2° There 
are indications of (62.132) compound forms in the sea anemones. 
According to Parker, what is really present in the neuromuscu- 
lar portions of the body is a large number of peripheral sensory 
cells whose deep branching ends connect more or less directly 
with the muscles, without the intervention of a true central 
organ. But practically every instance of a receptor-effector 
system is (62.133) complicated by the fact that the central 
branches of the receptive cells form among themselves a network 
of communication, often containing numerous ganglion-cells, 
whereby the impulses that arise from a few receptive cells may 
be transmitted to many muscle cells instead of being limited to 
a restricted group. This is the first trace of the nerve-net." 

(62.20). If we remember that receptor-effector systems are 
not mere fibrils, but include sense organs and muscles and, phylo- 
genetically at least, excitation arcs, it appears that their in- 
teractions are not essentially different from those of other 
neuropsychological monads. Thus, interactions are doubtless 
increasingly selective. According to Child, in general the sus- 
ceptibility gradients of simpler organisms are non-specific in 
relation to particular agents and conditions.’* But, according 
to Lillie, later on there occurs a lowering of the threshold of 
stimulation for a particular agent and a specific irritability is 
superposed on general irritability.1* One or several arcs may 
(62.2312) have a neuromuscular cell as their effector.* Some- 
thing perhaps reminiscent of (62.23127, 62.23137, etc.) motions 
is seen in the migrations of nerve-cells in the embryos of higher 
animals.> One are apparently may (62.231392) take a cell away 

10 ibid., p. 132. 

11 ibid., pp. 21, 200f. 

120. M. Child, Physiological Foundations, pp. 76ff. 

18 R, 8. Lillie, Protoplasmic Action and Nervous Action, p. 267. 


14C, M. Child, Origin and Development, p. 241. 
15 See C. J. Herrick, Neurological Foundations, p. 196. 
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from another are.?® Conductions characteristic of excitation 
ares doubtless (62.24117, 62.24217) persist, but in the receptor- 
effector systems are speeded up ** and better coordinated. The 
direction of conduction is reversible,?® when there are (62.241394, 
62.242394) interchanges between constituent monads. 

The receptor-effector systems (62.253) include constituent 
monads. Lillie has suggested that possibly lipoid soap films 
form like protective colloids at the surface of fibrils.® As to 
(62.254) gross differentiation, Parker thinks that the primitive 
effectors afforded (62.2541) centers around which the nervous 
tissue first differentiated in the form of receptors whose function 
it was to serve as triggers to initiate muscular contraction 
quickly.2° From the point of view of coordination of receptors 
and effectors, the fibrils or fibers occupy a central position, like 
electrons in their surrounding fields. Muscles may be central 
as regards the organism, but still (62.2548) peripheral in the 
receptor-effector system. But as Parker says, though a receptor- 
effector system may consist of highly differentiated sense organs, 
and even though it may be connected by a protoneuronie nerve- 
net with distantly located muscles, it is very far from represent- 
ing even a simple central nervous system.** Differentiations of 
structure are (62.255) correlated with specializations of func- 
tion; one familiar specialization is (62.2551) conduction. In 
later structures neurofibrils seem to have supporting functions, 
or, according to Parker, metabolic functions in the neurons.” 
But at the level of receptor-effector systems either fibrils or 
fibers serve in conduction between (62.2553) specialized recep- 
tors and effectors at the periphery of the system. 

(62.26). These receptor-effector systems doubtless exhibit 
tendencies to maintain a given equilibrium or gradient. Their 
(62.27) processes of storage and release of energy are probably 
quite like those of excitation ares. 

(62.31). It appears likely that these systems are originally 
local and limited in their range, and arise as they are needed in 

16 cf. C. M. Child, loc. cit. 

17G. H. Parker, Elementary Nervous System, p. 76. 

18C, S. Sherrington, Integrative Action, p. 41. 

19 R. S. Lillie, op. cit., p. 58. 

20G. H. Parker, Pop. Sci. Mo. (old), 84, 1914, p. 125; cf. Elementary 
Nervous System, pp. 76, 200. 


21G. H. Parker, Elementary Nervous System, p. 202. 
22G. H. Parker, Quarterly Review of Biology, 4, 1929, pp. 168f. 
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the organism, independently of one another, by repeated produc- 
tions. But there must be some continuous and progressive modi- 
fications of the interactions of organisms in the direction of new 
specializations; and this might conceivably mean ?? (62.32) the 
development of new receptor-effector systems by a kind of fission 
from former ones. 

(62.387). According to Havet, the elements in the neuro- 
muscular organization of an actinian form a sequence that 
reproduces in miniature that which is seen in the central nervous 
organs of higher animals; the reflex-are is reproduced in the ac- 
tinian, in that its sensory cell corresponds to the sensory neuron 
of the vertebrate and its motor nerve-cell to the motor neuron.”? 
Parker says that the so-called ganglion- or motor cell may have 
other functions than the control of the muscles.** But with all 
the progressive differences of structure, the various organisms do 
manage to get practically the same things done, and they might 
conceivably be arranged to show periodic relationships, although 
any precisely recurring processes in different receptor-effector 
systems may never be demonstrated. 

(62.42). Receptor-effector conductions may doubtless be ag- 
gregated; perhaps the nerve-net is the structural expression of 
such primitive aggregation, although in its developed forms its 
interconnections make it almost, if not quite, an integrate. 

(62.43). It is generally agreed that phylogenetically the 
higher nervous systems represent differentiations within the 
nerve-nets.2> No integration of fibrils or fibers and ganglion- 
cells into reflex-arcs has been observed, but fibrils, fibers, and 
nerve-cells do not constitute the whole of the new monads con- 
cerned. What are to be looked for in the integrative action of 
the nervous system are coordinations between different connected 
eroups of receptors and effectors, or different groups of excita- 
tion ares; and it must be kept in mind that the unit of organiza- 
tion is primarily the structure as activated. Sherrington says 
that the simplest are in organisms which possess a true nervous 
system is one where the conductor mediating between the recep- 
tor and effector is itself a separate cell intercalated between a 
receptor cell and effector cell, but at each end the conducting 
cell breaks up into branches, thus coming at one end-into com- 

23G, H. Parker, Elementary Nervous System, p. 81. 

24 ibid., pp. 201f. 

25 ibid., pp. 115, 137. 
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munication with several receptive cells, while at the other end it 
obtains hold of many muscle fibers.2° We should say then that 
the reflex-are is the structural expression of the fact that some- 
thing more variable and efficient than former types of conduc- 
tion had to be provided between various receptors and effectors. 
In general, as the exigencies of the organism demand swifter co- 
ordination, as coordination obtains between parts more and more 
widely separated, and as it arises between (62.431) different 
receptor-effector systems, it tends, perhaps (62.482) by imposing 
a polarization,” to mould intermediate cells into nervous struc- 
tures or neurons. As indicated at a previous level, Parker 
thinks that the scattered nervous system of primitive multi- 
cellular organisms became unified through the need of general 
transmission tracts and by increasing its own elements, as well 
as by appropriating additional effectors and receptors.*® Just 
as unicellular organisms may be viewed as organizations of some 
of the chemical atoms which are constituents of an astronomical 
body, so here the new monads which we shall call ‘‘protoneu- 
ronic’’ *® reflexes and synaptic reflexes may be viewed as or- 
ganizations of some of the cells which are constituents of a 
multicellular organism. 

(62.44). Within the primitive protoneuronie and synaptic 
reflexes, constituent receptor-effector systems may possibly 
2? (62.441) retain some individuation and prominence; but in 
the nerve-nets and later nervous systems structures of similar 
grade are (62.442) differentiated, and appear in the various 
fibrils and fibers of the neurons *° and the elements connected by 
them. 

26 C. §. Sherrington, Integrative Action, p. 309. 

27 cf. G. H. Parker, op. cit., p. 130. 

28G. H. Parker, Pop. Sci. Mo. (old), 84, 1914, p. 127; cf. Elementary 
Nervous System, pp. 237f., 19977. 

29 See G. H. Parker, Elementary Nervous System, p. 119. 
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CHAPTER XVI 


REFLEX-CONDUCTIONS, OR REFLEXES, PROTONEURONIC AND 
SYNAPTIC 


“The importance attributed to the concept of reflex action is of 
course due to the desire to find a simple invariable unit for behavior, 
comparable to the atom in physies.” 


H. 8. Jennings, Behavior of the Lower Organisms, 1915, pp. 28I1f. 


“ By a high spinal transection the splendid motor machinery of the 
vertebrate is practically as a whole and at one stroke severed from all 
the universe except its own microcosm.” 

C. S. Sherrington, The Integrative Action of the Nervous System, 
1906, pp. 351f. 


(63.00). At the third cosmogonic level we came to ‘‘mate- 
rial,’’ as distinguished from infra-material monads, and at the 
third biotic level to ‘‘living’’ as distinguished from non-living 
monads. Possibly, by analogy, the protoneuronic and synaptic 
reflexes mark the appearance of some new condition character- 
istic of later neuropsychological monads. Perhaps these may 
be called the specifically neuronic structures and processes; per- 
haps they mark the advent of awareness, of consciousness, or of 
mind. The monad, as in former eases, is an activated monad; it 
is, aS was noted, an arc-reflex rather than a reflex-are,? although 
the former involves the latter. Just as in the cosmogonic realm 
provision is made for hydrogen atoms and heavier atoms, and in 
the biotic for infracellular and unicellular organisms, so here it 
must be made for both ‘‘protoneuronic reflexes,’’ perhaps with 
anastosmosing neurons, and those with the synaptic type of con- 
nection. If parallelism with atoms and cells means anything, 
we may look to the central regions of these reflexes as their most 
important parts. This is quite opposed to the views of some of 
the extreme behaviorists, and is a poms which we must examine 
later (see 63.20, 63.25412). 

1K. Dunlap, Sci. Am. Supplement, 78, 1914, p. 322. 

2G. H. Parker, The Elementary Nervous System, pp. 117-19. Parker, 


Quart. Rev. Biol., 4, 1929, pp. 162, 1657", cites the work of E. Bozler, which 
may modify this distinction. 
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(63.10). The individuation of a reflex is always (63.11) rela- 
tive to (63.112) prior neuropsychological monads. Jennings re- 
ports in coelenterates, aS in amoebas, a certain number of 
responses due to the direct reaction of the part affected by a 
local stimulus. Where such simple and perhaps primitive re- 
actions are advantageous to the organism, they are preserved as 
important factors in behavior.2 There are numerous indications 
that individuation is relative to (63.118) cognate monads. It 
has sometimes been held that in the nerve-nets no one reflex is 
individually prominent, but Child thinks that the crucial experi- 
ments to show this have not yet been performed.* Parker says 
that experimental stimulation is harsh and unnatural; that it is 
questionable whether even the simplest nerve-nets are undifferen- 
tiated ; that in the sea anemone Metridium there are in the nerve- 
nets specialized tracts which enable the animal to carry out sim- 
ple but obvious reflexes; and that in the hydroid Corymorpha, 
notwithstanding the primitive diffuse transmission, reactions 
that have all the essentials of a nervous reflex may occur.° The 
later synaptic reflexes are also relatively individuated as regards 
the earlier protoneuronic structures; this may be involved in 
Head’s distinction between protopathic or diffuse action of 
the nervous system and the later superposed epicritice action.® 
In the study of synaptic reflexes, the so-called ‘‘simple reflex’’ 
has sometimes seemed too simple to be natural. Ladd and 
Woodworth suggest that a better term would be ‘‘isolated re- 
flex,’? meaning a reflex which runs its course uncomplicated by 
other reactions occurring at the same time. They agree with 
Sherrington that probably no part of the nervous system is 
capable of reaction without affecting and being affected by vari- 
ous other parts, although it is true that some parts are con- 
nected much more directly than others.’ The (63.1131) dyadic 
relationship is again marked by differences of rate, as seen in 
‘“elonie’’ and ‘‘tonic’’ impulses.2 The tonic reflexes, including 
the postural, are probably generally wider in extent than the 
clonic, and include more neurons or ganglia. 

8H. 8. Jennings, Behavior of Lower Organisms, pp. 230f. 

4C. M. Child, Origin and Development, p. 246. 

5G. H. Parker, Hlementary Nervous System, pp. 99, 101, 130, 137, 190. 

6 See J. E. Boodin, Cosmic Evolution, p. 137. . 

7G. T. Ladd and R. 8. Woodworth, Elements of Physiological Psychol- 
ogy, pp. 146f., 170; C. S. Sherrington, Integrative Action of the Nervous 


System, p. 8. 
8C,. S. Sherrington, op. cit., pp. 65, 231. 
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(63.12). It is clear that reflexes appear as differentiations 
within nervous monads belonging to later levels. If reflexes are 
also integrated from prior monads (see 62.48) then their indi- 
viduation is convergent. 

(63.13). Different degrees of complexity of organization are 
not always detectable with precision, but the absence of evidence 
may be due to several causes, such as the disappearance of 
primeval organisms, or our inability to devise sufficiently deli- 
cate experiments to detect the simplest reflexes, or the merging 
of originally simple reactions here into more elaborate reactions 
because of the general cosmic trend toward cumulative coordina- 
tion. We have noted Sherrington’s view that the (63.1311) sim- 
plest are is one where a single cell is intercalated between re- 
ceptor cells and effector cells (see 62.48). Just as hydrogen 
nuclei might be classed among the simplest forms of atoms, so 
structures in which there is only one central neuron or ganglion- 
cell® may be classed as the simplest reflex-ares, although single 
ganglion-cells may vary in the number of their fibrils or fibers 
more than hydrogen nuclei in the number of their electrons. 
Herrick says that the simplest possible reflex apparatus as found 
in the earthworm consists of a receptor in the skin and a sensory 
conductor; an adjuster in the ganglion and a motor conductor; 
and an effector, the muscle. But since he also says that in the 
earthworm many other sensory fibers discharge into the ganglion 
and many other motor fibers leave it, this would seem to indi- 
cate at least a (63.1812) more elaborate simple form, if not a 
complex form, as below. Similarly, Sherrington’s statement 
that we do not know of any reflex-arc in which the nervous 
conductor is formed from end to end of one single neuron," 
apparently implies the structures of the higher nervous sys- 
tems. In the nervous system of the sea anemone and corals, 
and probably in that of the hydroids, there seems to be a 
(63.131201-2) more or less distinct aggregation, or a greater 
development of nervous tissue in the apical region in relation 
to the mouth and tentacles.1? In the worms there are (63.131203) 
bunches of nervous cells, called ganglia, which mark the begin- 
nings of central nervous systems.** Any such group of function- 


9G. H. Parker, op. cit., p. 80. 

10 C, J. Herrick, Neurological Foundations, pp. 128f. 

11 C. 8. Sherrington, op. cit., p. 310. 

12 C, M. Child, Origin and Development, p. 247; cf. G. H. Parker, op. cit., 


pp. 80f. 
18C, J. Herrick, Neurological Foundations, p. 128. 
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ing cells, whether coextensive with observed ganglia or not, (see 
64.25323 *) parallels an atom of helium, if, as a central struc- 
ture, it (63.13812031) may function in virtual independence of 
connections with receptors and effectors; (63.1312032) may 
help to build up central segments of other reflex-ares; 
(63.1812033) may under certain circumstances be separated 
from such reflex-ares; and (63.1312034) may have part in repro- 
ductive processes of association and memory. In some jelly- 
fishes there are (63.1313) nerve-rings,** with characteristic reac- 
tions. In primitive organisms there must be (63.182) com- 
pounding of reflexes,> whenever various slight and compara- 
tively unrelated stimuli are attended to at the same time. With 
the beginnings of centralization into ganglia, 7.e., bunches of 
nerve-cells, as distinguished from ganglion-cells which are merely 
large nerve-cells, there are (63.1383) complex forms of organiza- 
tion. Such forms are developed with the need of the organism 
for better coordinations. In primitive organisms they may de- 
velop by (63.18311) integration, but structurally in embryos and 
functionally in complexes of various grades they appear most 
often in (63.138312) processes of differentiation. In the seg- 
mented animals, there are segmental reflexes with (63.1833) 
other reflexes superposed upon them.*® According to Sherring- 
ton, the integrative action of the nervous system is seen to per- 
fection in (63.18331) the welding together of metameres into the 
unity of an animal individual, whether invertebrate or verte- 
brate; and there is an integration of segmental postures as well 
as segmental individuals. Sherrington says, further, that where 
the other receptive reactions integrate individual segments, the 
distance-receptors integrate the whole series of segments.1’ 
There are also more extensive coordinations. In man three sets 
of fibers, placed end to end, are required to carry sensory im- 
pulses from the limbs and trunk to the cortex—the radiculo- 
bulbular, the bulbo-thalamic, and the thalamo-cortical.2® 

(63.14). The individuation of these reflexes is maintained or 
modified by their other monadie characteristics. 

(63.20). ‘‘In perceiving, remembering, reacting,’’ says Mon- 
tague, ‘‘the nervous system is ingesting, digesting, reproducing, 

14 ibid., pp. 93f. 

15 cf. C. M. Child, Physiological Foundations, p. 256. 

16 cf. C. S. Sherrington, op. cit., pp. 314, 344. 

17 ibid., pp. 314f., 342, 349. 

18 G. T. Ladd and R. 8. Woodworth, op. cit., p. 90. 
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and excreting free energies.’’?® This quotation should call our 
attention to the parallelism between the interactions of reflexes 
and those of organisms. In order to get the point of view from 
which such interactions are to be studied, it is essential to recall 
some of the parallelisms with atoms and with unicellular organ- 
isms. For each of these the central or nuclear regions may 
be regarded as essential, and, although in actual observations 
there are interrelationships, peripheral structures, with their 
characteristic processes, may be regarded as rather secondary in 
atomic or cellular interactions. Now in reflexes, too, central 
structures and processes may be regarded as essential and pe- 
ripheral structures, 7.e., sense organs and muscles, as secondary 
to central structures and their interactions. The distine- 
tion between central and central-and-peripheral processes does 
not become clear at this level, where we are still virtually con- 
fined to objective methods and animal psychology ; the distinction 
becomes clear, if at all, only at our own level, where central 
processes are uniquely and directly apprehended, and a discrep- 
ancy appears between the neurology of an observed organism and 
the psychology of an observing organism (see 60.00 (6)). We 
suppose that in animal psychology central processes are essential 
to the maintenance of relative individuation, although peripheral 
structures of sense organs and muscles are also involved. 

These interactions at all events are selective. Sherrington, 
indeed, notes that the noci-ceptive organs of the skin are non- 
selective, in that they are excitable by physical and chemical 
stimuli of various kinds,”?° but in general, according to Kempf, 
the selective function of receptors is based upon their specialized 
capacity to react to different kinds of vibratory energy.*? Selec- 
tive interactions are evident in cases of ‘‘threshold action,’’ *” 
and in the ‘‘all-or-none’’ law.” 

(63.21). Appropriations at this level do not differ essentially 
from those of other neuropsychological monads, although here 
they are more complex than at prior levels. A special complica- 
tion appears at this level in the fact that after the development 

19 W. P. Montague, in The New Realism, 1912, p. 285. 

200, S. Sherrington, op. cit., p. 319. 

216, J. Kempf, The Autonomic Functions and the Personality, 1921, 

Sis 
: 22 G. T. Ladd and R. S. Woodworth, op. cit., pp. 357ff. 


28 See A. Forbes, in C. Murchison, ed., Foundations of Experimental 
Psychology, 1929, p. 142. 
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of the body-cavity and its differentiations 74 many stimuli come 
not from the exteroceptive, but from the interoceptive and pro- 
prioceptive fields.” Stimulations are (63.211) incorporative if 
they pass the threshold,”? and (63.212) non-incorporative if they 
do not, although it must be admitted that, here as elsewhere, it 
is impossible to specify with utter precision the difference be- 
tween them. As regards stimulation by (63.2111) portions of 
the environment, the interoceptors may be regarded as essen- 
tially exteroceptors under special conditions of infolding of the 
body-cavity. The physical condition of mass acts even upon 
the deep-lying proprioceptors.”° The exteroceptors may be stim- 
ulated by various physical, electrical, and chemical processes. 
Nervous systems at least at some stages of development exhibit 
(63.2112) appropriations of additional effectors and receptors; ** 
if this occurs at early levels, something of it evidently survives 
in the formation of nerve-processes in later embryos.”® Incor- 
porative appropriations of prior and (63.2113) cognate monads 
may occur in conditioned reflexes,?® where one reflex takes over 
another or portion of another. 

(63.22). In considering rejections, most familiar as responses, 
(63.220) in general (63.2201) we keep clear of problems of 
preservation of the response in memory (see 63.38), as well as 
of any effects of muscular contraction upon the environment 
(see 63.413); so far as we are here concerned, a response 
(63.2202) as it occurs with respect to the given reflex passes 
out of consideration and becomes ‘‘enotative.’’ Rejection, as 
discharge of a nervous reflex, is (63.2203) usually a process 
secondary to appropriation, or stimulation; it may (63.2204) 
mark the failure of a stimulus to register or pass the (63.2205) 
threshold. It is (63.2206) a factor in the breaking up or dis- 
appearance of reflexes into constituent neurons, ete. As regards 
details of processes of rejection, one may note the theory of 
C. L. Franklin that nerve fibers on the surface of the retina 
emit (63.2211) a visible radiation,®® as well as the facts that a 
nerve under stimulation sets up a current in a galvanometer, and 

24cf, G. H. Parker, Hlementary Nervous System, pp. 77ff. 

25 See C. S. Sherrington, op. cit., pp. 130, 317. 

26 ibid., p. 336. 

27G,. H. Parker, Pop. Sci. Mo. (old), 84, 1914, p. 126. 

28 G. H. Parker, Elementary Nervous System, p. 209. 

29 See R. 8S. Woodworth, Psychology, 1929, pp. 156f., 161. 


30C. L. Franklin, ‘‘ Visible Radiation from Excited Nerve Fiber Again,’’ 
Science, 67, 1928, p. 162. 
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also gives off carbon dioxide.*t The ‘‘conditioning’’ of reflexes 
(see 63.231394) involves (63.2212, 63.2218) rejections of former 
elements as correlative with the appropriations of new elements. 

(63.23). Stimulations and responses are of course combined 
in countless ways, although here the interacting monad is at least 
theoretically a reflex, not a whole nervous system. Combina- 
tions of (63.23111) similar appropriations occur wherever stim- 
uli are repeated; repetitions of (63.28211) non-incorporative 
appropriations here are familiar in experiments on the summa- 
tion of stimuli until a threshold is attained.** Combinations of 
(63.238112) similar rejections are approximated in after-dis- 
eharge.*? Sensations are so different from responses that ?? 
(63.23113) combinations of similar appropriations and rejec- 
tions are hard to detect, but something of the sort may occur 
within the patterns involved in protective coloration and mim- 
icry. Reversal of direction of conduction is here taken to be 
something else (see 62.242394). During stimulation the reflex- 
ares (63.23114) require nutrient materials from the general cir- 
culatory system.** In the earthworm ganglia, (63.23124) many 
sensory cells may discharge into one motor neuron, or (63.23125) 
each receptor cell may connect with many motor cells.*° Com- 
binations of (63.28116) different stimulations and responses are 
evident as soon as the situation to be met by a given reflex be- 
comes complicated. The shifting may be (63.23117) progressive, 
or (63.28118) rhythmic, according to the situation. 

Processes of very great importance occur in those (63.2318, 
63.2323) combinations of interactions with cognate monads 
called (63.2313891, 63.232391) preemptions, for instance when- 
ever there are reflexes with ‘‘simultaneous double sign.’’ *° 
Processes of (63.231892, 63.232392) conflict occur in inhibitions 
with ‘‘suecessive double sign.’’ *® According to Herrick, inhibi- 
tions occur even in nerve-nets; two excitations which tend to 
produce opposite effects may act on the same muscle cells with 
resulting blocking of the response.*’ According to Sherring- 
ton, in the later synaptic reflexes inhibition usually involves two 

31, Tashiro, A Chemical Sign of Life, p. 22. 

32 G. T. Ladd and R. S. Woodworth, op, cit., pp. 17077. 

33 CO, S. Sherrington, op. cit., pp. 26ff. 

84G, T. Ladd and R. S. Woodworth, op. cit., p. 291. 

85C. J. Herrick, op. cit., p. 129. 
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reflexes of opposite synaptic action at the final common paths.** 
C. K. Ogden enumerates four theories of inhibition: that the im- 
pulse liberates a substance which blocks all other paths to the . 
motor center; that the impulse drains away energy from the 
inhibited neurons; that the impulse leaves a refractory state; 
and that the process results from differences in ‘‘chronaxies.’’ 3° 
The questions as between these theories become for us questions 
of incorporative and non-incorporative interactions. Herrick 
says that processes of (63.2313893) reinforcement occur in the 
nerve-nets; *” it is agreed that similar synaptic reflexes mutually 
reinforce one another on the common path.*®? Processes of 
(63.231394, 68.232394) interchange occur in the locomotion 
of the earthworm, where, according to Herrick, as each of the 
muscles is excited to contraction, there is probably relaxation of 
its antagonist in a process of reciprocal innervation.*? Some- 
thing of the sort may occur also in a ‘‘conditioned reflex,’’ * if 
this is regarded as an interaction between cognate reflexes in- 
volving interchange of stimuli, or interchange of responses 
(see 63.2212). A complete account of all these processes would 
have to include (63.233) combinations of incorporative inter- 
actions above the thresholds and non-incorporative interactions 
below them. 

(63.24). Within the reflex-arcs, constituent monads persist in 
characteristic interactions. Ladd and Woodworth hold that 
probably the substance of the nerves is the seat of (63.2411) a 
chemical synthesis, as the result of which still more complex 
bodies are constructed from the already complex alimentary 
material furnished by the blood.*? Sherrington calls the nervous 
impulse only a sudden augmentation of an activity continuous 
within the neuron, a transient accentuation of the disintegrative 
phase of its metabolism.** Lillie says that during stimulation 
the excited and unexcited areas of the reactive protoplasmic 
surface are (63.2421) at different electrical potentials.** Elec- 

88 cf. C. 8. Sherrington, op. cit., p. 65. 

890, K. Ogden, Meaning of Psychology, pp. 50ff. For the explanation 
in terms of chronaxies, see L. Lapicque, Science, 70, 1929, pp. 151ff. 

400. S. Sherrington, op. cit., pp. 232f. 

410, J. Herrick, op. cit., p. 133. 

42 cf. R. 8. Woodworth, Psychology, p. 169. 

43q. T. Ladd and R. 8S. Woodworth, op. cit., p. 125. 

44©, S. Sherrington, ‘‘Musele and Nerve,’’ Hncyc. Brit.,11 Vol. 19, p. 
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trochemical processes have been held to explain the action of 
synapses. A surface of separation may restrain diffusion, bank 
up osmotic pressure, restrict the movement of ions, accumulate 
electric charges, support a double electric layer, or intervene as 
a membrane between dilute solutions of electrolytes of different 
concentration or colloid solutions with a different sign of 
charge.*® Sherrington infers that an alkaloid in the spinal cord 
converts the process of inhibition into excitation, whatever the 
process may essentially be.47 MacDonald accounts for excita- 
tion as coagulation of colloid particles induced by negative 
charges, with diminution of surface area and consequent release 
into the lymph of previously bound inorganic salts.*® The proc- 
ess of nervous conduction may involve (63.24117, 63.24217) mo- 
tions of constituent monads, or (63.24118, 63.24218) oscillation, 
aS in ionic disturbances.*? Burridge thinks that in the excited 
nerve the protein aggregates are agglutinated to form aggregates 
of greater individual size because of the reception of a negative 
charge. This agglutination releases calcium salts which charge 
the next segment of nerve negatively and so excite it, leaving the 
original segment with a positive charge which there determines 
the return of the colloids to their former state of aggregation.” 

Constituent (63.2412, 63.2422) prior neuropsychological mon- 
ads may have part in such processes. Some nerve-cells in anne- 
lids have apparently (63.24227) ‘‘migrated’’ below the surface. 
According to Kappers, if in the nervous system by a change in 
the mode of life of a species, a particular center receives its dom- 
inant stimulus from a new direction or by a different tract, there 
will be a tendency for the chief dendrites of the nerve-cells of 
this center to be extended in the direction from which the new 
dominant nervous impulses are derived, and eventually the bod- 
ies of the neurons will migrate in the same direction.*! Herrick 
mentions experiments indicating the (63.24228) circulation of 
impulses in nerve-rings.°? Sherrington holds that a posture of 
the animal as a whole is as much (63.2418, 63.2423) a complex 

46 C, S. Sherrington, Integrative Action, pp. 14, 17. 

47 ibid., p. 111. 

48 ibid., pp. 196f. 

49 See R. S. Lillie, op. cit., pp. 382-4. 

50 H. Bechhold, Celloids in Biology and Medicine, p. 354; cf. BR. S. Lillie, 
op. cit., p. 271. 

51C, J. Herrick, op. cit., p. 196. 
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built up of segmental postures as is the total movement of the 
animal, 2.¢e., its locomotion, compounded of segmented move- 
ments.°8 

(63.25). It is reasonable to suppose that, (63.251) starting 
with simple forms, (63.252) functioning promotes structuration. 
If a central protoneuron or neuron, which is a conductor or 
adjuster between receptors and effectors or receptor-effector sys- 
tems, appropriates a sense organ or muscle, (63.2521) the pe- 
ripheral structure of the reflex is altered. There are doubtless 
other effects, difficult to trace, whereby (63.2523) the central 
structures are altered, as in new, non-habitual activities. Ac- 
cording to Child, the growth of the axon is the physiological 
effect of an increase in internal positivity produced by the elec- 
tric current in a physiological gradient; the outgrowth of the 
axon and the transmission of excitation are the reaction of the 
protoplasm to essentially the same electrical conditions.** Com- 
parison of the structures of nerve-nets with nervous systems 
which have ganglia make it seem plausible that (63.25231 *) 
the more elaborate protoneuronic and synaptic reflexes have been 
built up from simpler ones. In some organisms several receptors 
and effectors (63.25232 *) are joined by a nerve-ring.®> Doubt- 
less in primeval organisms there were (63.25233 *) transitional 
and loose types of organization of central protoneurons or neu- 
rons. Groups of central cells, or ganglia, are doubtless 
(63.25234 *) attached by or detached from more elaborately 
organized reflexes. 

(63.253). Reflexes are differentiated with respect to numer- 
ous (63.2531) constituents from prior realms. There are certain 
spatial factors; when inhibition as well as excitation is taken 
into account, the breadth of a reflex action or the extent of its 
distribution is seen to be twice as great as first appears.°® The 
theory of ‘‘chronaxies’’ °° indicates marked differentiations in 
time. According to Child, neuroblasts are electrically polarized 
by bio-electrie currents to which they are exposed, and such 
polarization determines their physiological polarity.*’ Cason 
says that a neuron is made up of an aqueous solution of various 
substances held in the cell by the more solid differentiation of 

53 C. S. Sherrington, Integrative Action, p. 342. 

54 C. M. Child, Origin and Development, p. 258. 

55 C0. J. Herrick, op. cit., pp. 93f. 


56G. T. Ladd and R. S. Woodworth, op. cit., p. 163. 
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REFLEX-CONDUCTIONS 247 


the cell-membrane.** Especially abundant in nervous tissues are 
lecithoproteins, the lecitho- components of which are complexes 
characterized by yielding glycerol, phosphoric acid, fatty acid 
radicles, and a nitrogenous base, choline.®® These constitute 
“vital reserves’’ available for a reflex.® 

Among the constituent (63.2532) prior neuropsychological 
monads are structures exhibiting neuroid conduction." Re- 
ceptor-effector systems are harder to locate, except in the form 
of nerve-nets, which persist in higher organisms.*? Prominent 
in any analysis of ganglia or simple reflexes are the nerve-cells, 
or neurons, representing primitive ganglion-cells, and the 
fibrils, now typically found in the fibers called axons and den- 
drites.°* The more complex reflexes contain more neurons, with 
synaptic connections across some kind of interval or barrier ° 
(see 63.2421). Although there are differences of structure as 
compared with the parallelisms in atoms or cells, the neurons 
(63.25321 *) are typically confined to the central or inter- 
mediate portions of the reflex-ares, along with associative fibers, 
while other fibers are found in the intermediate regions, or 
connecting with the receptors and effectors. If the spinal cord 
in vertebrates is reckoned with the intermediate structures, the 
fibers at the synapses of a reflex-are present at least a partial 
parallel for the electrons at the various energy levels of an atom 
and the molecular complexes in various cell-phases of a cell. 


Some of the details here are uncertain, but are added for the sake 
of possible parallelisms, although not analogies, with other monads. In 
the processes of reciprocal inhibition,®? and particularly in the organ- 
isms which are bilaterally symmetrical, there seems to be (63.25322 *) 
a pairing, or opposition, of reflexes, involving neurons of the central 
ares ®§ (see 63.32113). It is not clear that in any given reflex ?? 
(63.25323 *) the neuron cell-bodies outnumber the fibrils, although some- 


58 See H. Cason, ‘‘The Physical Basis of the Conditioned Response,’’ 
Am. Jour. Psy., 36, 1925, pp. 38377. 

50 FY, P. Tdarhall Physiology of the Amino Acids, p. 8. 

60 cf. C. J. Herrick, Brains of Rats and Men, 1926, pp. 313f. 

61G. H. Parker, op. cit., Chap. 5. 
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thing of the sort may be true for the fibers, since cell-bodies are closely 
massed in ganglia, and, like protons in atoms, may be more numerous 
in central regions of reflexes. No doubt cell-bodies, with their reserves 
of energy, determine the character of the reflex more than the fibers 
do, but the fibers, as the elements which communicate with recep- 
tors and effectors, are plainly of importance. Again, there is no 
clear indication of ?? (63.25324*) tetradic processes or formations, 
although bilateral symmetry and reversible responses may in some 
eases provide just such a double alternative as would be analogous to 
tetradie formations in other realms. 


Where reflex-ares are very complex, they include constituent 
(63.2533) cognate monads. Thus, according to Sherrington, in 
the segmental series the nervous concatenation of the segments 
repeats broadly the kind of association evidenced within each 
segment taken singly. Broadly taken, each segment has on 
the one hand a piece of the exteroceptive field, a piece of the 
proprioceptive field, and a piece of the interoceptive field, al- 
though this last may be lacking. .On the other hand, each seg- 
ment has fractions of the skeletal, of the vascular, and of the 
visceral effective organs.*® When we look for constituent cog- 
nate monads without such analysis, there are doubtless 
(63.25331-2) groups of central nerve-cells involved in the repro- 
ductions which mark associative memory “ and habit. 

(63.254). The gross differentiation into central, intermediate, 
and peripheral portions at this level should not be confused with 
that morphological differentiation in coelenterates or in later 
embryos at the gastrula stage which results in the formation of 
ectoderm, endoderm, and mesoderm. The development of the 
nervous system of course conforms to this latter division. In 
actinians, for example, the ectoderm and the endoderm. both 
contain nervous elements." But the nervous are has its own 
characteristic differentiations. The fact that the protoneuron 
serves to connect receptors and effectors gives the reflex-are a 
(63.2541) central portion,’ although this differentiation is 
(63.25411) in simplest forms not so pronounced as in later cen- 
tralizations.** Parallelism with atoms and cells would lead us 
to think that (63.25412) the central portions of reflex-ares would 

69 ibid., pp. 344f. 

70 cf. C. J. Herrick, Neurological Foundations, pp. 197, 233ff. 

71G. C. Bourne, ‘‘ Anthozoa,’’ Encyc. Brit.,11 Vol. 2, p. 98. 
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be more essential than peripheral sense organs and muscles, and 
to expect that a reflex without its central region would lose its 
identity, while on the other hand processes characteristic of 
central regions might continue, though peripheral receptors and 
effectors were at minimal activity or even temporarily discon- 
nected. Jennings traces spontaneously initiated nervous actions 
in lower organisms as well as in higher ones.7# And continuance, 
we should say, marks not only the tonuses, but the ‘‘affective 
tendencies,’’ > as distinguished from the realization or expres- 
sion of such tendencies; possibly it also characterizes ‘‘images,”’ 
if these are found at the level of reflexes rather than patterns. 
Such a theory of images has often been opposed by extreme 
behaviorists, but the view here taken is that although, because 
of the nature of discussion as it is carried on between organisms, 
images can not be directly demonstrated, this is no reason why 
they may not be recognized. The central portion of a reflex- 
are is typically remote from receptors and effectors, but it con- 
tains what may be regarded as phylogenetic representatives of 
such systems, in its (63.25413 *) neurons and fibers. Wood- 
worth holds that in complicated reactions each reaction stage is 
related to the stage which follows it as stimulus to response, 
and that the stage which follows doubtless involves fresh neural 
or muscular mechanisms.”* We suppose that the neurons and 
fibers function in (63.25414*) groups of cells in the central or 
intermediate portions of the more complex arcs. Perhaps the 
specific character of a given reflex depends upon the number of 
these groups of cells, distributed at various points in the central 
regions. It should be noted that this grouping may be dynamic 
rather than specifically localized, and thus accord with Lashley’s 
work on the importance of the quantity of nervous tissue in- 
volved in learning.” 

The (63.2542) intermediate regions of complex reflex-ares are 
those fibers or neurons between the central adjusters and the 
peripheral receptors and effectors. Examples are found in the 
ganglia of the autonomic system. The neurons of the spinal 
cord may be regarded either as central or intermediate. Since 
energy is expended in transmission, regions farthest from the 

74H. S. Jennings, op. cit., p. 261; see our 64.253322, below. 
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periphery are primarily (63.25421) hardest to modify by stimu- 
lation, but this is offset by the release of energies stored along 
the way. Intermediate neurons exhibit (63.25422) synaptic 
connections, through which afferent or efferent impulses must 
pass. The (63.2543) outmost regions are the sense organs and 
the nerve-endings in the muscles and glands. These serve to 
link reflexes together in ‘‘chain reflexes,’’*® and doubtless 
lead to the formation of some patterns. Since they are perhaps 
not essential, they may be (63.25431) acquired or lost without 
affecting the characteristic number of groups of cells or the 
tonus maintained by the central areas. 

(63.255). With regard to specializations of function in these 
structures, it is obvious that (63.2551) central regions are ad- 
justers and coordinators, and by their reserves of energy tend 
to dominate a reflex. Probably it is only at a very primitive 
stage that a given receptor is more active than an effector. The 
rate is soon modified by the intervention of centrally located cells 
in which energy has accumulated and from which the surplus is 
released to the effectors by the trigger action of the receptors.” 
It seems most likely to be in the central regions, too, that proc- 
esses of suggestion and memory are at least sometimes initiated, 
when the peripheral regions, even if they are always active, are 
as good as negligible. The (63.2552) intermediate regions 
(63.25521) transmit impulses. As regards the ecell-body of a 
given neuron, dendrites are afferent and are evidently con- 
cerned in the nutrition and maintenance of the neuron as well 
as in conduction,®® while axons are efferent. Another function 
of the intermediate regions seems to be (63.25522) conservation ; 
the synapses make the process of conduction slower,*® and act 
like barriers or brakes to prevent too rapid flooding or draining 
of the centers. In the case of patterns, and perhaps also here 
at the level of reflexes, there are (63.25523) collecting mechan- 
isms which synthesize afferent impulses, making them ready for 
unified reactions.*t| The functions of the (63.2553) peripheral 
regions are indicated by their names, receptors and effectors. 
They interact in chain or circular reflexes. The indications 
are that at this level specialization of function is more pro- 

78 cf. C. J. Herrick, op. cit., pp. 131, 233. 
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nounced than at parallel levels in other realms, but the work 
of Lashley, for example, indicates that (63.2554) the amount 
of activated tissue is important in the process of learning.” 

(63.26). Regulation is not so apparent in these elementary 
units, but the groundwork for it is present. Conduction may 
be understood as a disturbance of (63.261) equilibrium. The 
receptive parts of the body are generally (63.262) physiologi- 
cally dominant over other parts.’ For Child, the whole reflex- 
are consists fundamentally in a series of relations of physio- 
logical dominance and subordination.§? Mayor’s experiments 
on the rate of transmission in the nerve-net of Medusa Cassiopea 
in dilute sea water show that (63.263) within a considerable 
range of dilutions there is a close proportion between the salt 
content of the medium and the transmission rate; apparently 
the electric currents in the media are a factor in the rate of 
transmission in protoplasm.** According to Ladd and Wood- 
worth, the nerves may in the process of conduction yield up 
stored energies when (63.264) the equilibrium of their molecules 
is disturbed.*® 
_ (63.27). There are some augmentations both of structure and 
function. Speaking of later stages of development, Sherrington 
says that the nerve-cells soon lose the power of multiplication, 
but retain longer than most cells a high power of individual 
growth.®® Verworn says that an increase in the volume of the 
ganglionic cell-bodies is, when these are functionally activated, 
accompanied by an increase of specific capabilities and intensi- 
ties of discharge.*’ Refractory phases and fatigue indicate 
that there are (63.271) limits to the interactions of reflexes, 
doubtless conditioned by the organism and by other reflexes. 
Once beyond the limit, no response takes place, but there may 
be recovery.*® 

(63.31). There is undoubtedly repeated production of re- 
flexes, when new stimuli impinge on various scattered receptors 
and new responses are set up. It seems likely, too that new 
reflexes (63.32) arise from previous reflexes in processes of 
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association, although the fact that an impulse follows a path 
previously excited *® may mean only that elements formerly 
appropriated are appropriated again, and may be a closer paral- 
lelism for the diets of two animals than for the descent of one 
from another. But there seems to be (63.321) an inner con- 
tinuity of experience, and there may be a kind of (63.3211) 
fissional reproduction. The process of ‘‘conditioning’’ ?® shows 
that at least a peripheral region may serve as a beginning of a 
new organization, although whether conditioning is to be inter- 
preted as reproduction or rejection (see 63.2212) of reflexes 
depends upon the degree to which the reflexes are individuated 
throughout the process. In the parallel biotic realm, there is 
not such difficulty in distinguishing between reproduction and 
excretion. The problem of individuation arises also in inter- 
preting “‘circular’’ or ‘‘chain reflexes,’’ where the response in 
one reflex acts as the stimulus to another, as in the crawling of 
the earthworm.°® Any of these processes may be (63.32111) 
asymmetrical. Here may be included immediate spinal induc- 
tion, a form of spread, occurring between allied reflexes. Its 
tendency in the competition between afferent ares is to fortify 
the reflex just established, or if transition occurs, to favor transi- 
tion to an allied reflex.°t If there is any spread in paired 
ganglia or neurons, especially along lines of bilateral symmetry, 
this might be ?? (63.82113) a parallel for mitotic division. 
According to Sherrington, reflex spread in spinal reflexes trans- 
gresses the median line more often than in cortical reflexes.*? 
Some cases of reciprocal innervation ** might afford a better 
parallel. Perhaps in the spreading of a given reflex, (63.3212) 
the rudiments of a number of others may be developed. Sher- 
rington says that the overflow of reflex action into channels 
belonging primarily to other reflex-arcs than that under stimu- 
lation leads to the production by the single stimulus of a wide 
compound reflex which is tantamount in effect to a simultaneous 
combination of several allied reflexes.°* This might serve as a 
parallel for unicellular reproduction by budding, but ?? 
(63.3213, ete.) parallels for other forms of unicellular reproduc- 
tion seem more difficult to picture. 

89 cf. W. James, Psychology, Briefer Course, 1923, p. 256. 
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(63.323). Reproductions of the type of spreading are most 
easily accounted for as overflows of energy, but conditioning 
and chain reflexes seem to exhibit a certain economy of indi- 
viduation. 

(63.33). Reproduction as the result of the action of two 
reflexes seems quite possible when, as a result of conflict of 
tendencies, a new reflex with sufficient relative individuation 
is set up. Details of ?? (63.331, ete.) the process are best eon- 
sidered at the level of patterns (see 64.331, etc.). 

(63.34). Reproduction of constituent monads is apparently 
persistent. In some of the lower animals, though not in man, 
nerve-cells have the power of regeneration.®© Sherrington says 
that evidently in transmission along the reflex-are the impulses 
generated at the receptive end are not actually passed on from 
one cell-element to another in the are, but new impulses with 
a different period are generated in the course of the reflex 
conduction.°*® 

(63.35). Studies of (63.351) resemblances must be supple- 
mented by studies of the correlated (63.352) variations of reflex: 
ares. Jennings says that the importance attributed to the con- 
cept of the reflex action is of course due to the desire to find a 
simple invariable unit for behavior; but it is necessary to take 
into consideration as an additional possible variable the physio- 
logical state of the organism. The combination of the same 
physiological state, the same stimulus, and the same reaction 
supplies whatever need there may be for a simple invariable 
unit of behavior.°? Between protoneuronic conduction and 
synaptie conduction Sherrington finds several differences, such 
as slower speed; considerable resistance to the passage of a 
single nerve-impulse, but a resistance easily forced by a succes- 
sion of impulses; irreversibility of direction; and refractory 
period, inhibition, etc., in degrees unknown in the nerve-net.*® 
All such resemblances and differences are of course (63.353) 
valuable in classifications.°® E. Bohn says that Pavlov seems 
to have shown that to the (63.354) variations of internal chemi- 
eal state correspond certain particular sensations capable of 

95 J, A. Thomson, System of Animate Nature, Vol. 2, p. 591. 

96 0, §. Sherrington, Integrative Action, p. 44. 
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entering into associations with the sensations furnished by the 
sense organs.*° According to Herrick, there are probably func- 
tional variations in synaptic refractory periods and neuronic 
rhythms.1°%* Kempf says that the degree of vigor of the func- 
tioning of the proprioceptive circuit of the skeletal musculature 
is determined by the autonomic component.!” 

(63.36). Ladd and Woodworth maintain that graded series 
of reflexes can be arranged on the basis of their complexity,? 
and Sherrington finds that the distribution and quantity of 
muscular effect in one and the same muscle can be graded by 
adding to or subtracting from the number of fibers activated 
within the muscle.*°%* In the spinal reflexes, increase of the 
intensity of the exciting stimulus causes (63.8622) increase in 
the number of motor neurons excited.?% 

(63.387). The protoneuronic and synaptic reflexes include 
developments extending throughout many species and several 
phyla. ‘‘The brain in all living beings is formed on one plan, 
and the process of growth is the same in each, but at a certain 
point the lowest stop. Others go farther before their develop- 
ment is arrested. Man, beginning at the same point, goes farther 
than all.’’+°° This is strongly suggestive of some of the relation- 
ships observable in the periodic table of the atoms when arranged 
in short and long rows. Possibly certain periodic relationships 
may also be discerned in the fact that in general, as Bergson 
notes in the ease of the eye in molluscs and vertebrates,**" widely 
differing species react in the same, or at least in comparable 
ways to certain given stimuli. A kind of functional periodicity 
seems to be indicated by Lapicque’s theory of ‘‘chronaxies,’”’ 
according to which every tissue has its own private time-value, 
and different muscles and nerves have different chronaxies. 
When the chronaxies of neurons which work together are not 
the same, one is an integral number of times longer than the 
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other; conduction only takes place when this normal relation 
between chronaxies holds.*® 

(63.38). At the level of reflex-ares we might consider in some 
detail the associations and linkages which constitute what we 
eall ‘‘memory’’; we should find that considerations applicable at 
other levels are usually applicable here, although it is difficult 
to distinguish reproductions from interactions. But the whole 
subject can best be considered at the level of patterns (see 64.38). 

(63.41). MReflex-arcs may be disintegrated, the disintegration 
extending even (63.411) to constituent monads, such as neurons 
or fibrils. The process may (63.412) be occasioned by inter- 
actions, especially conflicts with other reflexes. For example, 
when two wave-disturbances meet on opposite sides of the bell of 
Cassiopea, the stronger commonly overcomes the weaker and 
continues its course around the bell.1°% According to Lillie, 
when two contraction-waves in the rings of Medusa approach 
each other from opposite directions they undergo mutual extinc- 
tion when they meet.*°® The discharge of a reflex into (63.413) 
a muscle produces muscular contraction, with its conversion of 
glycogen into lactic acid,?*° and the movement we call a response. 
As the general death of an organism is not necessary for geologi- 
cal processes, so nervous discharge into a muscle is not altogether 
necessary for its activity; the muscle walls of hollow viscera and 
the heart, for example, exhibit a tonus, the expression of con- 
tinuous liberation of energy in muscular tissue, largely inde- 
pendent of any connection with the nervous system.14? But just 
as the life and death of the organisms speed up and correlate 
geological processes,1!? so the activity and discharge of the reflex- 
ares speed up and coordinate physiological processes, 

(63.42). Processes of aggregation are quite evident, espe- 
cially in the primitive nervous systems lacking complete cen- 
tralization. Von Uexkiill calls the sea urchin a ‘‘republic of 
refiexes.’’ 115 According to Sherrington, the nervous system in 
its simplest forms is diffuse, and consists of a number of scattered 
mechanisms performing merely local operations with much au- 

108 G. H. Parker, Elementary Nervous System, p. 109. 

109 R. S. Lillie, op. cit., pp. 396f. 

110 See F. G. Donnan, ‘‘The Phenomena of Life,’’ Scientia, 45, 1929, 

Soya 
4 111 C, §. Sherrington, Encyc. Brit.,11 Vol. 19, p. 45. 


112 cf, J. W. Gregory, The Making of the Earth, Chap. 12. 
113 J, A, Thomson, op. cit., Vol. 1, p. 187. 
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tonomy, save that they have communication with their immediate 
neighbors across near boundaries.*** 

(63.43). In the midst of such aggregates, and often hard to 
distinguish from them, new integrates, which we eall ‘‘ patterns,’’ 
are formed.**® The difference is not necessarily one of complex- 
ity ; just as the more complex atoms are heavier than the simplest 
molecules, so the more elaborate cortical reflexes which result, for 
example, from the integration of segmental reflexes (see 63.1333) 
are doubtless more complex than the simplest patterns. The dis- 
tinguishing mark of a pattern would seem to be that two reflex- 
ares should be connected or coordinated, so that one impulse on 
its way to an effector combines with another impulse on its way 
to an effector, and the two produce a unified effect at practically 
the same time. This combination would mean that an impulse 
on its way to an effector in one reflex becomes a stimulus or at 
least a reinforcement to another reflex. It is difficult even then 
to tell the difference between a reflex and a pattern, just as it 
is difficult to say whether H, is atomic or molecular. And it is 
difficult to tell the difference between a pattern and an end- 
reaction complex, just as a molecule may constitute an astronomi- 
cal body and at the same time have a structure somewhat like 
that of a solar system. An important part in such integration 
is played by the (63.431) dyadic relationship of tonic and clonic 
reflexes, since in any case at least one impulse must be slow in 
order for another moving in a different direction and probably 
at a different rate to ‘‘catch up’’ with it. According to Lashley, 
a number of elements may be integrated in the final outcome, but 
the dynamics of integration are not open to introspective 
study.776 

It is easier to get at the problem of integration functionally. 
According to Titchener, for example, sensations blend together 
to form perceptions and ideas.77 Watt says that attributes of 
quality and intensity show hardly any sign of evolution or inte- 
gration, but that this seems rather to be the special virtue of 
attributes of position, both systemic and temporal. When two 

1140, §. Sherrington, Integrative Action, p. 311. 

115 See J. T. MacCurdy, Common Principles in Biology and Psychology, 
pp. 46, 140, and the work of H. C. Tracy cited by C. J. Herrick, Brains of 
Rats and Men, pp. 314f. 

116 K. §. Lashley, ‘‘The Behavioristic Interpretation of Consciousness,’’ 


Psy. Rev., 30, 1923, p. 265. 
117 E. B. Titchener, Primer of Psychology, 1907, p. 141. 
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pressure contacts are set some distance apart on the skin, we 
notice the presence not only of two spots of sensation but of 
another sensory datum, namely the distance between them... , 
and this special synthesis we call integration. There is involved 
in the notion something new that is the essence or spirit of the 
unity, and the peculiar unity of the whole whereby the integrat- 
ing parts and the new thing, or ‘‘integrate,’’ are wrought in- 
dissolubly together and are attached to or refer to one another.1'® 
We should be inclined to regard this perception of spatial rela- 
tionship as essentially an appropriation of monads of the prior 
veometric-kinematical realm (see 30.00, ete.), as these persist 
within the objects spatially distinguished, although a peculiar 
quality of togetherness might still indicate that an integration 
of reflexes had taken place. Such a view of a peculiar quality 
agrees with much of the Gestalt psychology. This psychology 
often disclaims any dependence on integration of elements, on 
the ground that this is associationism of the ‘‘mental chemistry”’ 
sort; Koffka says that in the Gestalt view, unanalyzed and ana- 
lyzed phenomena are brought together without using the hypoth- 
esis of substantial mental elements, by adhering strictly to a 
functional point of view.1?® So a Gestalt is a transposable 
whole which possesses definite properties not derivable from its 
parts.?*° In this psychology, it is maintained that in the experi- 
ence of movement there are supersummative properties not de- 
rivable from the parts as such.’*+ But even if the Gestalt views 
do not cover integration, they at least illustrate differentiation 
(see 63.442). 

Another approach to the problem of integration is afforded by 
studies of emotions and instincts, although, like the term Gestalt, 
these terms seem sometimes to cover mental organizations of 
very wide range; we remember, too, that atoms may be inte- 
grated not merely into molecules in free space but also into 
nebulae. Shand maintains that primary emotions, with their 
connected instincts, may be organized in greater systems, al- 
though this does not mean an integration of the associationist 

118H. J. Watt, The Sensory Basis and Structure of Knowledge, 1925, 

. T4f. 
pt :s Koffka, ‘‘Introspection and the Method of Psychology,’’ Brit. 
Jour. Psy., 15, (2), 1924, p. 154. 

120 H. Helson, ‘‘The Psychology of Gestalt,’’ Am. Jour. Psy., 37, 1926, 


p- 205. 
121 ibid., 36, 1925, p. 503. 
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type? McDougall thinks that in an instinctive action we get 
a total complex reaction, with no point-to-point correspondence 
between the elements into which we analyze the reaction and 
the impression.!23 Hobhouse says that each particular act may 
be described without obvious violence as a reflex, but the whole 
is an adaptive combination of reflexes in which the combination 
is as important as each separate act.1?4 ‘‘In the psychological 
process of integration,’’ says Kantor, ‘‘we assume that acts lose 
their identification in becoming parts of larger acts.’’ He thinks 
that by retaining the reflex-are as a general means of explaining 
human action we wrongly estimate its place in psychological 
-_ processes.175 Even Watson says ‘‘the behaviorist is interested in 
integrations and total activities of the individual.’’?#® Melrose 
defines integrated behavior, in terms suggesting (63.482) econ- 
omy of expenditure of energy, as the integrated reactions which 
come out of earlier broken and random trials and which become 
an ever better adaptation to the motor problem which is being 
worked out.}?7 

(63.44). Doubtless in primitive organisms constituent re- 
flexes (63.441) retain a measure of individuation and promi- 
nence; but in later organisms patterns (63.442) give rise to 
reflexes by differentiation within their own organizations.1”® 
Thus on the Gestalt view, the wholes, instead of being composed 
of their parts, determine what the parts are to be.1”° 

122 A. F. Shand, The Foundations of Character, 1920, pp. 27, 69. 

123 W. McDougall, Body and Mind, 1920, p. 262. 

124 J,, T. Hobhouse, Mind in Evolution, 1901, p. 53. 

125 See J. R. Kantor, ‘‘The Nervous System; Physiological Fact or Fic- 
tion,’’ Jour. Phil., 19, 1922, pp. 39, 42 n. 5, 48. 

126 J. B. Watson, Psychology from the Standpoimt of a Behaviorist, 
1919, p. 40. 

127 J, A. Melrose, ‘‘The Crux of the Psychological Problem,’’ Psy. Rev., 
29, 1922, p. 124. 

128 cf, G. E. Coghill, Anatomy and the Problem of Behaviour, 1929, pp. 
21, 89. 


129K, Koffka, op. cit., p. 157; W. Kohler, Gestalt Psychology, 1929, 
Chap. 6. 


CHAPTER XVII 


PATTERN-CONDUCTIONS 


“Tn the segmental series the nervous concatenation of the segments 
repeats broadly the kind of association evidenced within each segment 
taken singly.” 

C. S. Sherrington, The Integrative Action of the Nervous System, 
1906, p. 344. 


“ An emotion is a self, or microcosm, of the entire mind.” 
A. F. Shand, The Foundations of Character, 1920, p. 64. 


(64.00). The monads of this level are called pattern-conduc- 
tions, or patterns; the more familiar term ‘‘pattern-reactions’’ 
emphasizes too much the aspect of response. Probably the ex- 
ample most easily discerned is a perception as differing from a 
sensation. If not too inclusive, so that, for example, it amounts 
to an end-reaction complex, any emotion, instinct, or Gestalt may 
be regarded as a pattern. The nature of emotions has been in 
debate, especially in connection with the James-Lange theory, 
which regards them as the expressions of peripherally initiated 
sensations or organic reactions in which cerebral and psychical 
processes are reduced to a secondary role. But Sherrington 
thinks that visceral expression of emotion is secondary to the 
cerebral action occurring with the psychical state,? and Cannon 
holds that emotional experiences are produced by unusual and 
powerful impulses emerging from the region of the thalamus.® 
Woodworth finds that the James-Lange theory at least partially 
breaks down,* while Perry retains an amended form of the the- 
ory, regarding the emotion in its internal or felt aspect as a. 
relatively diffused and undiscriminated sensory complex, com- 
prising those organic sensations which are incidental to the 

1W. James, Psychology, Briefer Course, p. 312; but cf. pp. 3137. 

2G. T. Ladd and R. S. Woodworth, Elements of Physiological Psychol- 
ogy, Pp. 525. 

. 80€. 8. Sherrington, Integrative Action, p. 265; W. B. Cannon, in M. L. 
Reymert, ed., Feelings and Emotions, 1928, p. 267. See Cannon, Bodily 
Changes in Pain, Hunger, Fear, and Rage, 1929, Chaps. 19, 20. 

4 See R. 8S. Woodworth, Psychology, p. 308; R. B. Perry, General Theory 

of Value, 1926, p. 301. 
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arousal of some major and probably instinctive response.‘ 
Whichever is the correct view, it 1s clear enough that emotions 
are combinations of reflexes. Other combinations are appetites. 
According to Shand, an appetite, as distinguished from an emo- 
tion, is aroused by internal rather than external stimulation, 
has a greater regularity of occurrence, and becomes more in- 
sistent the longer it remains unsatisfied, but in other respects 
the difference between them is unimportant.’ The chief ques- 
tions about instincts lead to the same conclusion; whether in- 
stinets are inherited or not, they are at any rate complex forms 
of behavior. Just as men, in spite of their differences from 
other animals, belong among the multicellular organisms, so 
ideas, in spite of their differences from other cerebro-spinal pat- 
terns, belong at the level of patterns. Holt calls thought the 
preceding labile interplay of motor settings, which goes on almost 
constantly and which differs from overt conduct in that the en- 
ergy involved is too small to produce gross bodily movements.’ 
Dewey says that ideas are qualities of events in all the parts of 
organic structure which have ever been implicated in actual situ- 
ations of concern with extra-organic friends or enemies—pre- 
sumably in proprioceptors and organ receptors, with all their 
connected glandular and muscular mechanisms.® 

(64.10). The individuation of these patterns is obviously 
(64.11) relative; they are not completely isolated, but are ordi- 
narily distinguishable. The implicit duality of perception and 
thinking is here at its own level a special case of the more gen- 
eral principle of relative individuation. The individuation is 
relative first to the (64.111) environment and the non-nervous 
portions of the organism. Particularly in the Gestalt psychol- 
ogy, perceptual and thought patterns are involved in a network 
of physical and physiological conditions which must always be 
taken into account.® Individuation is relative also to (64.112) 
prior neuropsychological monads. For example, not all the 
nerve-cells in earthworms are concentrated in the central nervous 
system; there is an extensive peripheral plexus containing gan- 
glion-cells. This is regarded by Dawson as a survival of the 

5 A, F. Shand, The Foundations of Character, p. 28. 

8cf. W. B. Pillsbury, The Fundamentals of Psychology, 1927, pp. 220, 
237. 

7H. B. Holt, The Freudian Wish, 1915, p. 94. 


8 J. Dewey, Experience and Nature, 1925, p. 292. 
9H. Helson, Am. Jour. Psy., 36, 1925, p. 364. 
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diffuse type of nervous system seen in coelenterates.1° In the 
human nervous system patterns are apparently individuated 
among neuroglia cells,14 as well as isolated or uncombined re- 
flexes. Individuation relative to (64.113) cognate monads is 
often obscured by the process of attention, but, in view of vari- 
ous theories of the subconscious and of automatisms, may be 
assumed. According to van der Hoop, contradictory emotions 
may exist side by side in a child much more easily than in an 
adult... There are some (64.1131) dyadic relationships, pre- 
sumably reducible to differences of rate. Actions of the interior 
tissues, secreting cells, and visceral muscles are generally slower 
than those of the skeletal musculature.*? This suggests differ- 
ences between autonomic and cerebro-spinal conduction, although 
the high degree of coordination in the developed nervous system 
makes the separation of one of these sub-systems from the other 
artificial. The slower discharges tend to be relatively tonic, the 
swifter clonic. Hocking says that it is possible that all the in- 
stinets of what he calls the second order are derived, as G. H. 
Schneider thinks, from a pair of primitive reactions, expansive 
and contractive in nature.‘* Stratton classifies emotions as in- 
vigorating (sthenic) and sapping (asthenic).1> But these last 
two distinctions seem to mark the contrast between appropria- 
tion and rejection, rather than anything more fundamental. 

(64.12). Patterns as we encounter them are, as pragmatic 
theories of experience indicate, usually differentiations within 
end-reaction complexes or later neuropsychological organizations, 
but integrations from prior monads also occur, and individuation 
is convergent. 

(64.13). The untold complexity of the nervous system un- 
doubtedly includes different sub-levels among patterns, although 
the theories of localization are not accurate enough to admit pre- 
cise description. For Koffka, the (64.1311) simplest reflex acts 
—or, as we should say here, patterns—are organic activities tend- 
ing in certain directions.1° Combinations of reflexes into 

100, J. Herrick, Neurological Foundations, p. 125. 

11G. T. Ladd and R. 8. Woodworth, op. cit., p. 114. 

12 J. Van der Hoop, Character and the Unconscious, transl. E. Trevelyan, 
1923, p. 73. 

13 W. B. Cannon, Bodily Changes in Pain, Hunger, Fear, and Rage, 1929, 

fuse 

> 14 W. E. Hocking, Human Nature and Its Remaking, 1918, pp. 54, 56. 
15 G. M. Stratton, Anger, Its Religious and Moral Significance, 1923, p. 17. 
16H. Helson, Am. Jour. Psy., 37, 1926, p. 44. 
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(64.1312) simple patterns may occur centrally, via internuncial 
paths, or may involve peripheral elements, as combinations of 
atoms are joined by peripheral electrons. According to Sher- 
rineton, coalition between reflexes is greater, the greater the like- 
ness between them, and the likeness increases with nearness of 
their receptive points to one another in the skin surface.*”7 Pos- 
sibly, with certain assumptions regarding their individuations, 
chain reflexes might afford examples of combinations effected at 
the periphery. Evidently some patterns are found even in what 
have been called simple sensations. According to Von Frey, 
what has been taken to be a simple elementary sensation, like the 
prick sensation of Goldscheider, is in reality a complex experi- 
ence, for which as yet no satisfactory analysis has been made. 
Even the stimulation resulting from the mechanical application 
of single points on the skin is attended by irradiation, which 
forces us to regard the resulting complex as a unitary whole and 
not as a plurality of juxtaposed excitations.1* According to 
Von Kries and Becher, too, simple summation does not explain 
the complexity of perception. Kohler assumes that the optic 
sector reacts as a whole to the whole constellation of physical 
stimuli. Lewin and Sakuma hold that even retinal ‘‘points’’ 
ought to be regarded rather as retinal zones.1® Other examples 
of rather simple patterns may be in reinforcing reflexes, when 
a proprioceptive reflex allies itself in its effect to the primary 
reflex excited from the exteroceptive surface,?° or when the 
activities of the autonomic sensori-motor apparatus are pro- 
jected into the functions of the skeletal muscular system and 
are in turn reciprocally reinforced by them.*4 But these verge 
upon more complex forms. It is difficult to distinguish simple 
independent patterns, which may be taken as monads, from 
subordinate differentiated parts of complex patterns, which ex- 
hibit some monadiec characteristics but are not monads. When 
such a subordinate part, so to speak, gets free from a complex 
pattern in a process of reproduction, we have a new individu- 
ated monad of this level, a pattern ready to be integrated with 
others to form monads of a later level, 1.e., end-reaction com- 
plexes. This will appear in the course of our discussion, when 

170, §. Sherrington, Integrative Action, p. 126. 

18 H. Helson, Am. Jour. Psy., 37, 1926, p. 34. 

19 H. Helson, op. cit., 36, 1925, pp. 353f., 517, 521. 


20 ©, 8. Sherrington, Integrative Action, p. 131. 
21K. J. Kempf, Autonomic Functions and the Personality, pp. 19f. 
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what some writers call tendencies, and what Dewey in his anal- 
ysis of an act of thought calls suggestion, are regarded as the 
functioning of neurological structures which offer parallelisms 
to condensations in nebulae and to embryos in multicellular or- 
ganisms (see 64.25332, 64.3212, 64.3336); they may start as 
simple central organizations and develop into more complex 
organizations before discharge or ‘‘expression.’’ According to 
the hypothesis of epitomization, just as stars condense in nebu- 
lae, and just as plants, regarded phylogenetically, gradually 
form out of colonial organisms, so the autonomic patterns grad- 
ually form in the midst of the more primitive patterns of the 
chromaffine system.?? Perhaps parallelisms to the loose open 
forms of organization noted in other monads (64.1318) are the 
basis of some of our vague feelings. We may suppose that the- 
oretically any patterns may be (64.182) compounded in loose 
ageregates, especially in time; although the high degree of 
integration of the nervous system in all higher animals makes 
for (64.183) complex forms. Examples of complex patterns 
are provided in several theories. Ogden invites us to imagine 
a coordination center, which has received from the receptive 
centers, let us say, 7,003 impulses which together make up a 
certain pattern, and which hands on 42 impulses as the result 
of the combined action of the 7,003.2 As examples of integra- 
tion, Bentley mentions coalescent incorporation, as in the per- 
ception of a movement, and constellated incorporation, as in 
that of a drugstore.** Watt says that the percept is not an 
ageregate of sensations, but an integrate of integrates of them. 
It binds them together and adds a new feature to their unity. 
So, too, doubtless the concept emerges as a new experience upon 
(64.1833) the integration of percepts.”® 

(64.20). In their interactions, the central portions of a 
pattern may be considered as essential and as acquiring or 
losing elements at the periphery,”® but it is often convenient to 
consider the pattern as a whole. The Gestalt psychology, in its 
distinction between figure and ground,’ emphasizes the selec- 

22 On the chromaffine system, see W. H. Gaskell, The Involuntary Nerv- 
ous System, 1916, pp. 140-3. 

280, K. Ogden, Meaning of Psychology, pp. 597ff. 

24M. Bentley, The Field of Psychology, 1925, pp. 137f. 

25H. J. Watt, Sensory Basis and Structure of Knowledge, pp. 220f. 


26 cf. C. S. Sherrington, Integrative Action, p. 268. 
27H. Helson, op. cit., 36, 1925, p. 352. 
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tive character of interactions with the environment. This is 
evident also in expectation, which involves a special setting of 
a coordination center brought about by an association center, 
a certain preparedness to pick out one pattern rather than 
others.28 Selection is also emphasized in the theory of implicit 
duality of thinking (see Chapter I, 3). 

(64.21). Appropriation is prominent in perception, which 
involves (64.211) incorporative appropriation of (64.2111) 
light-waves and chemical compounds. Such appropriation is 
not the whole process of perception, which also involves second- 
ary and persistent appropriations and rejections. There may 
be appropriation of (64.2112) a sense organ, or at least the 
characteristic impulses proceeding from it, as these impulses 
encounter new conditionings.*®? Kempf says that as the effective 
stream wends its way here and there through the environment, 
the content of consciousness is changed in vividness and kind of 
Sensory images to suit its acquisitive needs.*® Perhaps the 
process known as ‘‘assimilation’’ ** marks an appropriation of 
(64.2118) other patterns. The (64.212) non-incorporative ap- 
propriations may be regarded as those below the threshold.* 

(64.22). Corresponding to processes of appropriation are 
those of rejection; the (64.220) general remarks made in con- 
nection with reflexes are applicable here. There is a certain 
rejection of (64.2211) prior monads in responses, as when emo- 
tions gain expression through discharges along the neurons of 
the autonomic nervous system.** Boodin says that thought must 
be regarded as an energy-system, rejecting as well as selecting 
the energy-characters which are communicated to it.** Rejece- 
tion of (64.2212, 64.2213) neuropsychological monads is in- 
volved in the process of conditioning.2® Kempf holds that 
sensory images are changed to suit the avertive as well as the 
acquisitive needs of the organism.*® Sherrington says that the 
headward part of a cerebral reflex may lose the vascular and 
visceral fields.*° Subliminal stimuli are (64.2221) rejected. 

28 C, K. Ogden, op. cit., p. 61. 

29 ef. I. P. Pavlov, Lectures on Conditioned Reflexes, transl. W. H. 
Gantt and G. Volborth, 1928, p. 185. 

30 E. J. Kempf, op. cit., p. 130. 

81 cf. E. B. Titchener, Primer of Psychology, pp. 101, 141. 

82 cf. G. T. Ladd and R. 8. Woodworth, op. cit., pp. 170ff., 3577f. 

33 cf. W. B. Cannon, op. cit., p. 334. 


34 J. EK. Boodin, Cosmic Evolution, p. 31. 
85C, S. Sherrington, Integrative Action, p. 268. 
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(64.23). Among the combinations of appropriation and re- 
jection, which occur in bewildering variety, may be noted 
(64.23111) combinations of similar appropriations, when stim- 
uli are repeated or when (64.23211) summation is observed; *° 
(64.23112) combinations of similar responses, in after-dis- 
charge; *’ (64.23118) patterns of protective coloration, etc., 
and other cases analogous to those mentioned at the level of re- 
flexes (see 63.23113, ete.). According to Kantor, whenever a 
stimulus fails to produce its appropriate response the organism 
is forced to fall back on (64.23126) some substitute or re- 
placement act.*® Processes of (64.231891) preemption and 
(64,231392) inhibition occur among patterns, as among reflexes 
(see 63.231891, ete.). Such conflicts doubtless afford the basis, 
if they do not exhaust the content of consciousness *° and its 
more vivid form, attention. According to Cannon, there are 
peripheral oppositions in the viscera corresponding to the op- 
positions between flexor and extensor muscles, and in all prob- 
ability these opposed innervations in the viscera have counter- 
parts in the organization of neurons in the central nervous 
system.*° Some of the more elaborate processes of inhibition 
evidently help to explain repressions.*t According to Shand, 
every primary impulse when opposed tends to arouse anger; 
when frustrated, sorrow; and when it anticipates frustration, 
fear. Moreover, an obstructed emotion gives rise to desire.* 
Inhibition is evidently also involved in willed or voluntary ac- 
tions.** Sleep has been called by Pavlov diffuse continuous in- 
hibition.** Processes of (64.231893) reinforcement ?° have been 
mentioned (see 64.1312). According to Ladd and Woodworth, 
if two centers loosely connected by association fibers be thrown 
into simultaneous or nearly simultaneous excitement, each has 

36 cf. G. T. Ladd and R. S. Woodworth, op. cit., pp. 170ff. 

37 cf. C. 8. Sherrington, op. cit., pp. 26/f. 

88 See J. R. Kantor, Principles of Psychology, 1926, Vol. 2, pp. 15/7f. 

39 cf. J. Dewey, Essays in Experimental Logic, 1916, p. 11, n. 1. 


40 W. B. Cannon, op. cit., p. 33. 

41 A, A. Brill, The Fundamental Conceptions of Psychoanalysis, 1921, 
pp. 1617. 

42 A, F, Shand, op. cit., pp. 38, 460. 

43 ©. S. Sherrington, ‘‘The Rodle of Reflex Inhibition,’’ Science Progress, 
5, 1911, pp. 596f.; cf. Integrative Action, p. 390. F. Aveling, in M. L. 
Reymert, ed., Feelings and Emotions, maintains that acts of will are to be 
distinguished from conations, only the latter involving striving (p. 54). 

44T, Pavlov, ‘‘New Researches on Conditioned Reflexes,’’ Science, 58, 
1923, p. 360; Lectures on Conditioned Reflexes, Chap. 32. 
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something to give and each is ready to take, and so (64.281394) 
interchange takes place between them.*® 

(64.24). Within the patterns, constituent monads persist in 
their characteristic interactions. These interactions may con- 
cern (64.2411) monads of prior realms. According to our inter- 
pretations, to be taken in connection with Division Two of this 
book (see 23.2411, 33.2411), the most baffling case of such per- 
sistence is to be found in that of the logical monads which are 
constituents of the patterns. It is this which gives to pattern- 
reactions their logical properties, or in short makes our ideas 
logical (see 41.2411). That the patterns conform to numerical 
and spatio-temporal principles is obvious. Mentality and con- 
sciousness are often held to involve more or less specifie energies, 
as when Montague regards consciousness as potential energy.*® 
That electrical and magnetic processes persist in pattern con- 
duction is maintained in several theories, of which Crile’s 
‘*bi-polar theory’’ may serve as an example.*® Persistent in- 
teractions of constituent monads may also include variations 
of internal chemical state, to which, according to the work of 
Pavlov, certain particular sensations seem to correspond.*’ H. 
C. Brown says that if an idea be conceived as an integrated set 
of organic structures, with their consequent qualities, as an 
atom is such a set of electrons, the reaction of an idea is a trans- 
cendent process with respect to its constituent chemical and 
cellular processes, in just the same sense that the flowing of a 
liquid is transcendent with respect to the movements of the 
constituent electrons.** Jennings says that ideas must be con- 
sidered, so far as their objective accompaniments are concerned, 
as certain physiological states in higher organisms.*® Among 
persistent interactions must be included the all-important process 
of (64.24117) nervous conduction, which must characterize pat- 
terns as well as reflexes. According to Cannon, any high degree 
of excitement in the central nervous system, whether felt as 
anger, terror, pain, anxiety, joy, grief, or deep disgust, is likely 

45G. T. Ladd and R. S. Woodworth, op. cit., p. 619. 


46 W. P. Montague, ‘‘ Variation, Heredity, and Consciousness,’’ Arist. 
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to break over the threshold of the sympathetic division and 
disturb the functions of all the organs which that division in- 
nervates.°° Kempf considers possible (64.24118, 64.24218) cir- 
cuital processes, when he says that if it is true that the proprio- 
ceptive are is necessary for the maintenance of the postural tonus 
of visceral muscles, and these muscles in turn stimulate the 
intramural receptors of the afferent ares, and the circuitous 
flow of energy is practically continuous, then we have a satis- 
factory physiological basis for the conception that from each 
visceral division flows a continuous afferent stream of subliminal 
stimuli, 2.e., feelings, influencing the functions of the other or- 
gans separately and collectively.*! That persistent processes 
occur in (64.2412) constituent prior neuropsychological monads 
appears if, as Cannon suggests, the outlying neurons and ganglia 
of the autonomic system may act as transformers, modifying 
the impulses received from the central source and adapting them 
to the more slowly acting tissues, secreting cells, and visceral 
muscles.°** Parker says that neuroid conduction appears even 
in higher animals.°* We saw that for Sherrington a posture 
of the animal as a whole is as much a complex built up of 
(64.2413) segmental postures as is the total locomotion of the 
animal compounded of segmented movements.** Sherrington 
holds that in willed actions the grading of intensity of muscular 
action appears to be obtained by (64.241892) pitting inhibition 
against excitation.*® Again, (64.241394) the peristaltic move- 
ment of the bowel exhibits a primitive but none the less perfect 
form of reciprocal innervation.*® 

(64.25). There are so many varieties of patterns that a very 
wide range of differentiations must be expected. Supposing 
that we (64.251) start with simple forms, it is clear in several 
ways that (64.252) the results of interactions are enregistered 
in structures. We should, however, note that what often passes 
for structural psychology, as distinct from functional psychol- 
ogy, is structural in the phenomenological rather than the neuro- 
logical sense. According to the Gestalt psychology, the physical 
configurations of the nervous system possess properties parallel 
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to their phenomenal correlates, and functional variations are the 
chief means of formulating configurational laws.°® Sherrington 
says that afferent contributions from the receptors of joints, 
muscles, ligaments, viscera, etc., combine with those of the 
muscular organs of the head and with those of the labyrinthine 
receptors, and the result is the (64.2523) cerebellum.®” Herrick 
says that combining anatomical, physiological, and genetic evi- 
dence, we are led to the conclusion that the cerebral cortex 
emerged from preexisting reflex mechanisms of innate and 
habitual activity, in the service of more labile individual acquired 
behavior patterns.°® According to the Gestalt psychology, the 
four different general directions of transformation are simplifi- 
cation, structuration, unification, and amplification, and their 
opposites.°® 

(64.253). All patterns exhibit segregations or sortings of 
(64.2531) monads of prior realms. The nervous patterns ex- 
hibit basic differentiations as regards space, with their dorsal 
and ventral components, and their structures frequently reflect- 
ing the bilateral symmetry of the organism. ‘Wertheimer says 
that the brain process corresponding to a movement must be a 
total structured configurational event, areal in character.® 
Patterns are also organized in time. Herrick has pointed out 
that the cortical functions are delayed reactions served by cor- 
relation mechanisms which are dissociated in space and time 
from the operation of immediate response.°® The concept of 
Gestalt is designed primarily to embrace dynamic processes ex- 
tended in time as well as in space. As regards cosmogonic 
monads, Crile has suggested that the crossing-over of nerves in 
the medulla may be on the principle of a coil of wire in a dy- 
namo, to secure a more powerful magnetic field.°? Physiological 
changes in body tissues give rise to (64.2532) affective cravings. 
If these stimuli are reinforced in the autonomic patterns, as some 
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stimuli are in the cortex,® it may be that just as radiations are 
emitted in stars and transmitted to planets, and just as the 
products of photosynthesis are built up in plants and made 
available to animals, so (64.25321*) certain impulses in man 
gather impetus within the autonomic system and produce char- 
acteristic effects in the cerebro-spinal system.® The effect of 
cumulative coordination is here so pronounced that possibly no 
(64.25322 *) constituent receptor-effector systems are found, 
except as nerve-nets, although in a pattern constituent neurons 
have both receptive and emissive ends, and, when modifications 
incident to development have been considered, it is possible that 
traces of receptor-effector systems with their fibrils or fibers 
may be detected in such a system as that of the rods and cones of 
the eye.®° Fibers are very important, particularly in the cortex, 
where the projection centers are in direct fibrous connection 
with the lower regions of the brain, either by ascending sensory 
fibers or by descending motor fibers, and where interpolated 
between the projection centers are numerous association areas 
of great complexity.°° The ganglia of the autonomic system,*’ 
as well as the association areas, contain (64.25323 *) groups of 
cells—in Herrick’s terminology, complex webs of interrelated 
neurons,°*—which, according to our hypothesis, are to be set 
in parallelism with helium atoms and chromosomes. We may 
suppose that constituent cells and reflexes (64.253231*) have 
their form determined by the functions which they fulfil. The 
cells of central regions, i.e., the brain cells, are (64.253232 *) 
closer together than in the intermediate regions, where the 
neurons often have longer fibers connecting the cell-bodies; 
central atoms in an astronomical body, too, are often relatively 
close together, having lost electrons which peripheral atoms re- 
tain. The arrangements for skeletal muscles make some fibers 
of the cerebro-spinal system of some species longer than any 
fibers of the autonomic system; but atoms of some of the planets, 
similarly, retain more electrons and are farther apart than atoms 
in some of the stars. The process of cumulative coordination 
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makes it difficult to distinguish ?? (64.253233 *) other or more 
detailed modes of organization of constituent reflexes. Just as 
the cells in a colony are relatively more closely connected than 
the atoms in a nebula, so the reflexes in a pattern are relatively 
more closely connected than the cells in a colony, and countless 
interrelations obscure any original groundwork. So the paral- 
lelism with the layers of a star, or with the lithosphere, etce., of 
the earth, already difficult in the biotic realm, becomes more 
difficult here. 

A pattern may contain (64.2533) cognate patterns, as when 
in the annelid worms the segmental ganglia act as (64.25331) 
local centers of physiological dominance within each segment.® 
Especially important are (64.25332) some constituent groups of 
cells, or patterns, which are differentiated in processes of repro- 
duction at this level. These constituent cognate patterns we 
suppose to belong to the central associative areas. If pre- 
dominantly autonomic, they function as ‘‘affective tendencies,’’ *° 
if predominantly sensory or motor, as ‘‘images,’’ ™ and if pre- 
dominantly ideational, as ‘‘suggestions’’™ (see 64.1312). In 
the lowest animals they are doubtless mere tendencies. Much 
that might be said of them will be clearer if regarded as applying 
to images. According to our hypothesis at this point, images are 
the functional aspects of structures which are set in parallelism 
to embryos in the biotic and to nebular condensations in the 
cosmogonic. An image-structure is the vehicle of memory, as 
an embryo is of heredity ; conception in psychology is set parallel 
to conception in biology. We take the view that an image, like 
a perception, is a process; it is due in some way to persistent 
effects left behind by perceptions.”* We shall try later to show 
that it is plausible that images, etc., are (64.253321) developed 
within a given cerebro-spinal pattern as the result of the com- 
bination of the tendencies or ‘‘sub-patterns’’ ™* incipient in two 
parent patterns (see 64.333). We suppose that an image de- 
velops somewhat as its biotic parallel, an embryo, develops— 
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that is, it passes through various stages of development from 
inception to expression or discharge. Boodin speaks of a hier- 
archy of relation-patterns in the cortex, from the comparatively 
passive revival of past experience to the active reconstruction 
of experience to meet new events, and calls this imagination. 
Thought, for him, is one type of imagination.**> Images may be 
regarded as dynamic patterns, not specifically localized. Ogden 
says there is every reason to believe that images differ from 
the actual experiences by being (64.253322) aroused, not through 
incoming impulses from the receptive centers, but through im- 
pulses of central origin.7* Doubtless an image has (64.253323) 
its own differentiations, but, as Weiss says, the analysis of such 
implicit reactions from the neurological standpoint would re- 
quire a description of the exact sensori-motor conditions, for 
which instruments of precision are lacking.” Just as in the 
case of an embryo an important phase is reached at birth, so 
there seems to be in the case of a tendency, image, or suggestion, 
(64.253324) a beginning of functioning as a relatively indi- 
viduated, although still not fully developed pattern; perhaps 
this beginning occurs when the tendency is recognized. The 
nearest approach to a theory of such a step seems to be in 
Dewey’s theory of ‘‘suggestion,’’ one of the five steps in a com- 
plete act of thought, where, corresponding to the further devel- 
opment of an embryo, we have Dewey’s next step, (64.253325) 
the development by inference of the bearing of the suggestion.”® 
Just as animals are here more highly differentiated than plants, 
the association areas of the cortex indicate that (64.253326) 
cerebro-spinal patterns are more highly differentiated than au- 
tonomic patterns are. All theories of mental development may 
agree that in one way or another the (64.253327) rudiments 
of new tendencies, images, or suggestions are constantly being 
segregated, particularly under (64.253328) the influence of fresh 
stimuli. As tendencies, etce., develop in the process of inference, 
or in any other of their interactions, they (64.253329) take over 
and incorporate into their structures appropriate receptors and 
effectors. 
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(64.2534). According to our parallelisms, it is within patterns that 
one might look primarily for any indications of a differentiation of 
monads which, like organic compounds and excitation arcs, may con- 
stitute the initial level of a new realm. The parallelism, if it is at all in 
place, would be to the effect that just as in the cosmogonic some atoms 
segregate in organic compounds, which although not living, still, with 
the aid of radiations passing between stars and planets, form the initial 
monads of the new biotic realm; and just as in the biotic some cells 
segregate in excitation ares, which although not nervous, still, with the 
aid of organic compounds passing between plants and animals, form 
the initial monads of the new neuropsychological realm, so in the 
neuropsychological, some reflexes may segregate in certain at present 
unnamed patterns which, although not yet spiritualistic or parapsy- 
chological,”® or having the quality of deity,8° form ?? (71.00) initial 
monads of a new realm. Something of the sort has been suggested in 
the theory that a few of the constituents of the brain may continue for 
a time to work after the general death of an organism,*! and may be 
responsible for at least the more rudimentary and confused “ mes- 
sages” which, according to psychical research, come from discarnate 
personalities.62 Perhaps there is such a realm, which after the first 
level or two (compare 63.00) becomes characteristically “ spiritual,” 
transcending mind, as well as life and matter, and offering a more 
complete coordination of all that they contain. Cumulative coordina- 
tion, in fact, would suggest that the new realm might originate not at 
this level, in parallelism with the supposed origin of life in astronom- 
ical bodies, but at later levels, for instance in values, selves, or per- 
sonality as a whole. 

Some would argue that the rudiment of a new realm should be dis- 
cerned here in the reflexes or patterns involved in language, which 
from now on, in more and more inclusive ranges of communication and 
discourse, sum up and thus in a way epitomize the rest of the world, 
and which to realms that we have been considering abstractly now 
add, as a realm of mind, the concrete fact that we know the others. 
This view at present seems unnecessary for the epitomization hypothe- 
sis, for three reasons. First, our neuropsychological monads from the 
start have been considered as activated (see 60.00 (1)), with a 
uniqueness proper to each level (see 60.00 (5)), and the activity 
characteristic of personality (see 69.14, ete.) is the interaction with 
the world assumed for a realm of mind. Second, the so-called social 
mind, if it is a reality, may be regarded as a level rather than a realm 
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(see 69.43). Finally, the very important and real effects of mind in 
society may be treated in terms of a relationship of retroaction between 
realms already studied, without introducing a new one (see Chapter 
mx. 8). 

(64.254). Just as the gross differentiations of nebulae, stars, 
and planets in the cosmogonic, and of colonies, plants, and 
animals in the biotic, may be considered separately, so here the 
gross differentiations of chromaffine-system patterns, autonomic 
patterns, and cerebro-spinal patterns might be taken up sep- 
arately. But ‘‘gross differentiation’’ means that of individual 
patterns, not of the whole chromaffine or autonomic system. 
Gaskell says that in the lowest group of vertebrates the sympa- 
thetic cells are so few that they can not be described as forming a 
system ; their place is taken by masses of chromaffine cells which 
form a scattered but segmentally arranged system in the position 
occupied in higher animals by the sympathetic system.®* <Ac- 
cording to Bard, the autonomic system, strictly speaking, is 
made up entirely of motor nerves: the visceral afferent fibers 
have their cell-bodies in the sensory ganglia of the cranial and 
Spinal nerves, and so belong to the cerebro-spinal system.** The 
high coordination of the nervous system thus results in an inter- 
connection of patterns, and patterns should be distinguished as 
predominantly, rather than exclusively, autonomic or cerebro- 
spinal. The (64.2541) central region of any autonomic pattern 
is in its ‘‘coordination centers’’; ®° in this respect it does not 
differ materially from the pattern of the cerebro-spinal system. 
Among the central portions of the latter must be included what- 
ever structures are involved in tendencies, images, and sugges- 
tions—in parallelism to the baryspheriec iron of the earth, and 
the germ-cells of the animals. There may seem to be no evi- 
dence of dual structure in the neuropsychological monads; but 
before the point is dismissed as impossible, it will be necessary 
to know more about bilateral symmetry, inhibition, ‘‘felt diffi- 
culties,’’ °° and perhaps ‘‘implicit duality,’’ ®? than any one can 
claim to know at the present time (see 63.25322, 64.8322). The 
(64.2542) intermediate portions of autonomic and cerebro-spinal 
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patterns may consist of any conducting or collecting mechanisms, 
internuncial paths, ete., interposed between central and pe- 
ripheral regions; and the (64.2543) peripheral portions as usual 
will consist of, or connect with, receptors and effectors, here 
often elaborate. In the case of the autonomic, particularly, the 
peripheral portions of the pattern need not be at the periphery 
of the body, because of the infolding of the body-cavity and 
subsequent developments. 

(64.255). All differentiations of structure are more or less 
closely correlated with specializations of function. The 
(64.2551) central regions of patterns are coordinative. Sher- 
rington says that while the sympathetic system does redistribute 
impulses, it consists of conducting paths, and reflex action does 
not take place in it. The brain and the spinal cord are the only 
structures in which occurs the work of transmuting afferent 
nerve impulses into efferent impulses.*® Along with this view 
must be considered that of Kempf, according to whom the au- 
tonomie system has virtually developed and projected the cere- 
bro-spinal system for the satisfaction of its needs.3° However 
subordinate the sympathetic system in man may now be, in the 
present state of cumulative coordination, the autonomic system 
as a whole has not been quite so subordinate throughout phylo- 
geny. According to Kempf, the cerebellum is the head ganglion 
developed upon the proprioceptive system, and the cerebrum 
is the large ganglion developed upon the exteroceptors of the 
organism,®° and those regions of patterns which lie within these 
central organs doubtless share in their functions. The associa- 
tion centers preserve cues leading to delayed responses,®*? im- 
portant in processes of memory (see 64.332, 64.3812). 

The (64.2552) intermediate regions collect and transmit im- 
pulses. Cannon suggests that the autonomic neurons and gan- 
glia may act as transformers for the impulses received from the 
central source.®? Herrick says that the correlation centers of 
the segmental apparatus are adequate for the analysis of the 
sensory data of common experience and resolution of these into 
motor responses, so far as these fall within the range of the or- 
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dinary reflex or instinctive action system of the species of animal 

in question.**? Among the prominent specializations of function, 

in intermediate regions of cerebro-spinal patterns, must be noted 

the motor function of the ‘‘final common path.’’** According 

to Watt, theories of thought that affiliate themselves to the results 

of physiological analysis point to a notion of a positional kind, 
the psychical correlate of the final common path. 

(64.2553). The peripheral regions of patterns are of course 
concerned with reception of stimuli and the effecting of re- 
sponses. The responses may be internal, as when the sympa- 
thetic division keeps the smooth muscle of the blood vessel walls 
in a state of slight contraction or tone, thus serving to maintain 
an arterial pressure sufficiently high to meet sudden demands 
in any special region,®® or when emotions gain expression through 
discharges along neurons of the autonomic nervous system.%* 
In general, the spinal reflexes involve the protective, sexual, and 
visceral functions, while the motor cortex adjusts to the effector 
muscles the tactual, auditory, and visual stimuli.°® 

Specializations of function in these patterns (64.2554) must 
be considered dynamically rather than statically. Reception, 
effectivation, conduction, and correlation do not take place in- 
variably, and probably do not to any important degree occur in 
piecemeal fashion. They are all interlocked and mutually con- 
dition one another in a kind of action-system within the pattern. 
This brings us to the subject of regulation. 

(64.26). It is a commonplace to say that the nervous system 
exhibits regulative actions, but the actions usually meant are 
those by which the system regulates the whole organism (see 
69.261). Regulation within single patterns is more difficult to 
trace; this is partly because the patterns themselves, at least 
when considered dynamically, are so shifting. But, according 
to the Gestalt psychology, the decisive factors within any given 
configuration, which are responsible for the new properties of 
the whole and for the modifications of the parts. of the structure, 
sometimes may be (64.261) the internal relations of the parts.*° 
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Koffka holds that in conduction the alteration of conditions 
within the sensory and motor parts must take place in accord- 
ance with the greatest possible simplicity and equilibrium of 
forces, and that the principle of ‘‘greatest horopter’’ will be 
found in harmony with this requirement.*°° According to 
Kohler, in every process which issues at all in an end-situation 
independent of time, the mode of distribution of energy shifts 
in the direction of a minimum of configurative energy.‘ Phe- 
nomenal and behavior patterns tend to resist change and pre- 
serve their form and to become as ‘‘good’’ as possible, not 
following the laws of chance.°* The type we have called 
(64.262) referential regulation is also evident in patterns, al- 
though some questions arise concerning the precise limits of 
relative individuation, and make it difficult to distinguish be- 
tween internal and (64.263) external regulation. For instance, 
according to Sherrington, the synaptic system coexisting with 
the diffuse in various places dominates the latter, controlling 
the local nervous system of viscera, heart, and blood vessels of 
the higher animals.1°° For the Gestalt psychology, too, some 
single factor within the group may exercise its influence over the 
rest; a central process, for example, may change a whole situa- 
tion,?°* although, according to Herrick, it would not be correct 
to say that any one cortical center controls the others ?° in any 
invariable way. Clear examples of regulation with reference 
to external objects appear in processes of attention; Koffka 
regards sensory, motor, and phenomenal areas as a single system, 
wherein what is to be seen determines eye movements as well as 
afferent and efferent impulses.° External regulation as re- 
gards the pattern need not refer to anything external as re- 
gards the organism; for the Gestalt psychology, biological con- 
ditions may determine phenomenal and behavior patterns.*®’ 
The various types of regulation are not mutually exclusive. 
There are evidently (64.264) persistent regulations in constitu- 
ent monads. According to Ladd and Woodworth, the nerves 
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may in the process of conduction yield up stored energies when 
the equilibrium of their molecules is disturbed.° 

(64.27). Processes of accretion and depletion of patterns 
may be inferred, as they become more or less elaborate in their 
effects, although it is difficult to distinguish the pattern in the 
midst of more inclusive monads. Cannon has shown that in 
emotions of fear and rage there is readjustment of energy in 
the nervous system, involving bodily changes which doubtless 
ean not be accounted for apart from the nervous system. The 
tremors, the muscular twitchings, and the assumption of char- 
acteristic attitudes all indicate that there is an immensely aug- 
mented activity of the nervous system.1° The growth of a 
pattern seems to be regulated in accordance with a more or less 
definite (64.271) limit of capacity, doubtless conditioned by 
the organism and the presence of other patterns; once past the 
limit, a pattern ‘‘breaks,’’ either in discharge or in a transfer 
of a part of its energy to a new pattern in a process of ‘‘repro- 
duction.’’ 

(64.31). There seems no reason why different patterns may 
not arise in different parts of the nervous system by the opera- 
tion of independent stimuli; at the same time, the higher the 
degree of general coordination, the more continuity and pos- 
sible transition there is from one pattern to another. 

(64.32). A process like fission may be encountered in 
(64.3211, 64.3212) association (see 63.382). Probably ordinary 
association in revery proceeds in this way; if so, it parallels 
‘reproduction by simple division or budding in some of the lower 
animals. It may be noted that for the Gestalt psychology, if it 
is impossible for a figure to change in the direction of a simple 
configuration, a new configuration tends to appear.*?° 

(64.383). Whether processes of reproduction of patterns take 
place by the cooperation of two ‘‘parent’’ patterns is an unusual 
question, beset with difficulty. In the first place, it might be 
held that such neurological processes underlie, or accompany, 
or are other ways of considering the processes of syllogistic 
reasoning which, according to our hypothesis, do exhibit analo- 
gies to bi-parental reproduction in biology (see 14.33). It is 
undeniable that processes of reasoning must have some neuro- 
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logical basis and connection, but it does not seem likely that the 
connection here is of this kind. 


For us, the logical constitutes a prior realm (see 10.00, ete.,) as do 
the biotic and the cosmogonic, and the relationships between neuro- 
psychological monads and logical monads are to be read off in the light 
of the relationships of the neuropsychological realm to the other prior 
realms. The relationships important for us are four. In the first 
place, the neuropsychological in general conforms to the logical, as it 
does to the biotic and cosmogonie realms which condition it and pro- 
vide its milieu. Secondly, in its own structures and processes the 
neuropsychological epitomizes the logical, as it does the biotic and 
cosmogonic; this statement is merely the summing up of the relation- 
ships exhibited in detail by our decimal numbering. In the third place, 
the neuropsychological monads interact with the prior logical monads, 
as they do with the biotic and the cosmogonic. The neuropsycholog- 
ical does not act upon the cosmogonie directly, but through the biotic, 
i.€., IN any given case, through the sense organs, ete., of the physio- 
logical organism. Later on we call this relationship “ refraction ” 
(see Chapter XX, 6). Similarly, we do not directly perceive the logical 
realm, but only as it is refracted through the cosmogonic and biotic; 
we do not, for example, perceive relations; but only things with rela- 
tionships, or related things. Even our conception of terms seems to be 
conditioned by our more immediate interactions with the things which 
the terms signify. This relationship of interaction between neuro- 
psychological and logical means that it is only under conditions im- 
posed by the intervening realms that the logical is recognized and 
dealt with by our minds. In the fourth place, constituent logical 
monads persist in their characteristic interactions within the neuro- 
psychological monads just as the constituent cosmogonic and biotie 
monads persist in theirs (see 64.2411). According to the view here 
taken, it is no more wonder that our idea-patterns should have the log- 
ical qualities, e.g., the subject-predicate structure and processes, than 
that they should have the cosmogonie and biotic qualities, e.g., the 
molecular structure or cell-structure and the processes characteristic 
of these. In the same way, it is no more wonder that our idea-patterns 
exhibit the processes of the syllogism than that our idea-patterns ex- 
hibit characteristic persistent processes of reproduction of reflexes or 
molecules in the nervous system. The neuropsychological processes of 
reproduction do not exhaust nor cover all processes of logical re- 
production as these occur in their own logical realm (see 13.32, 14.32, 
14.33, ete.), any more than the neuropsychological processes exhaust or 
cover all the processes of reproduction in stars or organisms. These 
views are at variance with, but perhaps represent refinements of the 
view of Charles Peirce, who maintained that in point of fact a syllo- 
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gism virtually takes place when we irritate the foot of a decapitated 
frog.11 If there are any “bi-parental” processes at this level, it 
would seem that they must be characteristically neuropsychological 
rather than logical. 


Some possibilities present themselves in connection with 
Dewey’s well known analysis of the steps of a complete act of 
thought into (1) a felt difficulty ; (2) its location and definition ; 
(3) the appearance of a suggestion, or ‘‘way out’’; (4) the 
development by inference of the bearing of the suggestion; and 
(5) the testing of the suggestion by application to the actual 
situation.*® It appears that the steps here numbered (1) and 
(5) are probably common both to animals and men; in animal 
behavior they appear in processes of trial and error. And in 
proportion as affective tendencies or images, whether visual or 
of any other kind, are evoked in animals and used as guides to 
action, we may suppose that the step numbered (3) is inter- 
posed in animal as it is in human experience. In other words, 
we suppose that what is true of suggestions is in general true of 
tendencies and images. It is not possible to prove that animals 
have images, but, when we remember that in the nature of the 
case no images are demonstrable, on the whole it seems more 
likely that animals have them than that they do not. Steps 
(2) and (4), dealing with clarification of the difficulty and 
elaboration of the suggestion, when they occur may be regarded 
as more specifically characteristic of the human nervous system. 

Now if in both animals and men there are acts which issue as 
a result of felt difficulties, we may say that in principle the way 
is clear for a theory of their ‘‘bi-parental’’ origin. The felt 
difficulty is essentially a conflict between two patterns, one of 
which is presumably more persistent and deeply rooted than the 
other—that is, one is relatively tonic, the other clonic.” And 
while there must be cases in which one pattern, as we say, tri- 
umphs completely over the other, just as there are conflicts where 
one organism annihilates another, there must also be countless 
cases where the result is more of a compromise and amounts 
much more nearly to (64.3313) cooperation between approxi- 
mately similar patterns, just as there are in organisms countless 
cooperations in reproduction, with contributions made from each 

111 See W. E. Hocking, Human Nature and Its Remaking, p. 82. 

112 For theories similar at this point, see H. L. Hollingworth, The 
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parent. This isnot by any means the only process which occurs, 
but it occurs often enough to be important. Contribution from 
each ‘‘parent’’ pattern is evident in the fusion of images, and in 
what Pavlov calls ‘‘mutual induction of nervous processes.’’ 14% 
According to Ladd and Woodworth, when a new situation 
arouses either a thought of some earlier situation or a reaction 
which was made to it, the feature common to the two situations 
may become isolated in thought and thus a more intelligent grasp 
of both old and new be promoted. Such seems to be the mech- 
anism, at least in part, by which new insights and discoveries are 
often achieved,'!* but doubtless there are (64.3315) many varia- 
tions. 

If this in general is the case, (64.3832) the course of develop- 
ment of a pattern may be said to lead up to and then away from 
a process of elaboration of affective tendencies, imaginations, or 
suggestions; this statement about the course of development is 
merely a way of indicating some of the details of the interaction 
of an organism with its environment. Moreover, just as in the 
biotic we are concerned only with germ-cells, which at length de- 
velop into embryos, so here we are (64.8321) concerned only 
with those incipient reflexes, etc., which at length develop into 
affective tendencies, images, or suggestions. Not every conflict 
of patterns is drawn out long enough to afford a felt difficulty ; 
not every felt difficulty gives rise to a suggestion; not every sug- 
gestion is made up of constituents as evenly balanced as those 
we consider. But apart from all this, the association fibers **® 
and association areas **® of the highly developed nervous systems 
show that many patterns must (64.3322) possess a complicated 
central structure, in which alternative, antagonistic, and mu- 
tually inhibiting tendencies are represented. (See 63.25322, 
63.32113, 64.33242.) These oppositions in the lower organisms 
are doubtless based upon bilateral symmetry and the mutual 
inhibition of movements forward and back, right and left, ete. 
In these cases the opposed movements are quite similar, and at 
any particular time one may be said to be tonic and another, 
breaking in upon the first, clonic. This suggests an opposed 

113T, P. Pavlov, in C. Murchison, ed., Psychologies of 1980, p. 212; cf. 
K. Dunlap in ibid., p. 313. 

114G, T. Ladd and R. 8S. Woodworth, op. cit., p. 589 (italics ours); cf. E. 
Rignano, ‘‘ Attention,’’ Monist, 22, 1912, p. 21. 


115G. T. Ladd and R. 8. Woodworth, op. cit., pp. 223f., 233, 251. 
116 ©, J. Herrick, Neurological Foundations, p. 273. 
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pairing of tendencies, or elements which enter into them, in the 
central areas, like the opposed pairing of genes in the chromo- 
somes of the germ-cells. The functional units in the nervous 
system need not always be the same cells or elements; they may 
be modes of organization or methods of relating, rather than spe- 
cifically localized associations.1*7 In the central areas of the 
higher organisms the antagonistic elements of some patterns 
(64.3323) may be not quite evently balanced or matched. Just 
as some organisms develop germ-cells, all of which have the full 
characteristic number of chromosomes, while others develop some 
with the full number and some with defective numbers, so we 
suppose that, merely in accordance with the general principles 
of variation, some patterns develop antagonistic incipient tend- 
encies, images, or suggestions, involving the full number of 
groups of cells characteristic of these patterns, while other 
rather closely related patterns develop at least some antagonistic 
incipient tendencies, ete., involving only a part of the number 
of groups of cells characteristic of the pattern. Two such an- 
tagonists will differ slightly in rapidity of their discharge, thus 
recalling the dyadic relationship (see 64.1131). Only thus does 
it seem possible to account structurally for obvious facts of con- 
tinuity, stability, and variation in patterns. 


The question whether the parallelism can be pursued into the details 
of any (64.3324) double reduction is obscure, but there are at least 
some plausible arguments. We should expect, for instance, that any 
complete theory of the central connections of patterns might include 
(64.33241) a process of periodic reorganization in each group of 
cells, with compounding of the results in the resulting total incipient 
tendency, image, or suggestion which leads to the development of a 
new pattern. This periodic process is parallel to the “intervening 
growth phase” with reorganization of chromosomes in the germ-cells 
which leads to the development of a new multicellular organism. 
Furthermore, inasmuch as patterns exhibit a certain continuity and 
stability, we have assumed that there are, at least at some stages of 
development, in each pattern (64.33242) a certain characteristic num- 
ber of groups of central cells; and in many organisms bilateral sym- 
metry and inhibition indicate that there is a paired opposition of 
reactions. Ladd and Woodworth have pointed out that when in- 
hibition as well as excitation is taken into account, the breadth, 1.e., 
the extent of the distribution of a reflex action—or, as we would say 
here, pattern—is seen to be twice as great as at first appears. The 
influence extends not only to the muscles which become active, but 


117 cf. K. S. Lashley, in C. Murchison, ed., Psychologies of 1925, p. 556. 
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also to those muscles which are inhibited.11® It is reasonable to sup- 
pose that (64.33243) in a process of reorganization, any inhibitions 
which have been in force are at least potentially released, so that 
antagonistic responses become possible, and hence the number of pos- 
sible responses is at least doubled; moreover, it is also reasonable to 
suppose that in the course of reorganization by processes of condi- 
tioning, etc., other tendencies closely similar accumulate in some con- 
nection with them; the latter process, especially, seems to be char- 
acteristic of “association by similarity.” Such a release and rein- 
forcement would offer a parellelism to the fusion and growth of 
chromosomes which form tetrads in their maturation divisions. In 
other words, each group of central cells in the course of a pending 
reorganization might come to function as a kind of potential tetrad 11° 
representing four possible actions, #.e., two which are antagonists, 
and two others closely similar to these. But if there is such a quad- 
rupling of potential reactions, the process of inhibition, as well as 
selective attention, soon effects a (64.33244) double narrowing of 
choice between alternatives, so that each “doubly reduced” group of 
cells is a central element of only one out of the four possible reac- 
tions, z.e., an element of only one member of one pair of antagonistic 
reactions, and so that when these results are taken together each in- 
cipient tendency represents only one of the four possible reactions, 
7.€., one member of one pair of antagonistic reactions. The tendencies 
are, one might say, still complex reflexes, but by the process of in- 
hibition of antagonists (64.33245) are reduced to half their full orig- 
inal functional value. As in parallel cases in other realms (64.33246), 
it is not clear why a single reduction would not accomplish the result 
as well as a double one, unless the double reduction makes possible a 
more thorough sorting. 

The process of reduction, particularly in the more highly differen- 
tiated nervous systems, is (64.33247) subject to many modifications— 
such as (64.332471) failure of opposite reactions to be inhibited, 
with the result that the pattern is broadened to twice its former 
range; 118 (64.332472) loss of groups of cells, etc., from patterns, 
especially important because it leads to differences in successive pat- 
terns, comparable to differences in successive generations of organisms 
which result from the parallel loss of chromosomes in germ-cells, 


118 G, T. Ladd and R. S. Woodworth, op. cit., p. 163. 

119 These are not necessarily involved in C. H. Spearman’s ‘‘tetrad dif- 
ferences,’’ which seem to have mathematical, rather than neurological 
significance; see The Abilities of Man, 1927, p. 75. G. H. Thomson, in 
Jour. Educ. Psy., 18, 1927, p. 146, offers in connection with Spearman’s 
work some interesting diagrams, assuming equal, all-or-none elements, pos- 
sibly neurons. But Spearman, Brit. Jour. Psy., 18, 1928, pp. 2517f., thinks 
that the elements involved are markedly fewer in number than the neurons. 
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(64.332473) shiftings of function within groups of central cells, 
whereby fibers or elements in one pattern merely transmissive may in 
another become more central and help in the coordinative function; 
and (64.332474-5) readjustments of the relationships of constituent 
fibers between and within groups of cells, ete. Doubtless these last are 
responsible for fusion effects in images, the details of which are so 
difficult to trace that McDougall has held that the process must be 
psychical.1*° We suppose that (64.332476) as a result of such proc- 
esses, not alone one incipient “ parent” tendency, but many, are pre- 
pared; although perhaps few are actually used, each may lead to a 
certain typical reaction, with the opposite reaction inhibited. We 
suppose that if (64.3325) the results could be studied, it would be 
found that some of these prepared incipient tendencies are possessed 
of a certain characteristic number of groups of cells, while for others 
the number is defective or peculiar. We suppose that there are 
many such prepared tendencies, closely similar. 

Just why any two such similar prepared “parent” tendencies 
should (64.333) combine or fuse is hard to see without referring to 
general conditions within an organism which is summoning its resources 
to meet, for example, some situation experienced in the “felt diffi- 
culty ” (see 64.3313). There seems to be a break in the parallelism 
here, for, so far as we can see, germ-cells from multicellular organisms 
fuse in the process of reproduction without any urge from the astro- 
nomical body (earth) which contains them. But the difference, after 
all, may be one of degree, and traceable to cumulative coordinations 
running through the cosmic processes. In the act of fusion there is, 
we supposed, a combination of contributions from two “ parent” ten- 
dencies, one of which is tonic, the other clonic, and a new incipient 
tendency, or image, or suggestion is started on its process of develop- 
ment. The incipient tendency as a product of combination of the 
two reduced “ parent” tendencies may even be regarded as made up 
of two “half-tendencies” or “sub-patterns ” 74—i.e., two tendencies, 
each with its antagonists inhibited—and may be regarded (64.3331) 
either as a complex reflex or as an incipient pattern-reaction. The re- 
lationship between the “ half-tendencies” is not one of appropriation, 
but one of integration, which, however (64.3332), differs from the 
ordinary integration by reason of the peculiar correlation between 
the two constituents. In detail, we might say that of the two 
(64.33321) the clonic will tend to “ penetrate” the tonic, since the 
two interact and the latter, so often postural, is likely to be of wider 
extent than the former. We suppose that (64.33322) elements of the 
one will be paired or nearly paired with elements of the other in the 
group of cells although (64.33323) the tonic tendencies are more ex- 
tensive and capable of more elaborate differentiation and develop- 
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ment in a new pattern. It should be noted that (64.33324) not all the 
paired constituents exhibit complete antagonisms, and even when there 
is antagonism there is no deadlock; one antagonist overcomes the 
other. And many details in antagonistic patterns remain quite simi- 
lar. As in other segregations (64.33325), the whole process which we 
have indicated may be viewed as a differentiation within a later monad 
—here, for example, an end-reaction complex, such as the pragmatists 
suppose to condition thinking and action. As regards (64.3333) re- 
sults of the process of fusion, if we start with a certain pattern and 
tendency which we call characteristic in its range, and (64.33331) if 
the two fusing “half-tendencies” have the full characteristic num- 
ber of groups of cells, ete. the result remains characteristic; 
(64.33332), if not, the result will be in some respect defective or pe- 
culiar. Further, (64.33333) two defective tendencies, or (64.33334) 
two “half-tendencies” too unlike, give no result of the characteristic 
range; they may result in something else, but not in this kind of 
process. One may (64.33335) go ‘back and consider inhibited “ half- 
tendencies”? and actions which (64.333351) might have resulted and 
might have been opposed to the given actions (see 64.38131, ete.) or 
even have resulted in (64.333352) wider amplifications of them. Be- 
tween the two kinds of “ half-tendencies” there are (64.3334) certain 
relationships which may be interpreted in terms of inclusion; the 
broader of the two takes in everything that the narrower or less in- 
clusive does, and more. Moreover (64.3335), the clonic components of 
a “felt difficulty’ may be not merely a carefully prepared “ half- 
tendency,” but any fragment of it, or even a fresh stimulus coming 
from outside. The incipient tendency, or image, or suggestion 
formed by this combination may, like a fertilized egg (64.3336), go 
through a course of development with many interactions before it 
becomes a fully developed pattern. Something of this seems to be 
suggested by Bosanquet, when he says that in the process of sugges- 
tion or imagination we have something which does the work of judg- 
ment and inference and which has the same fundamental nature with 
them, but which is not judgment.124 Finally, in the course of the ex- 
perience of the organism the (64.3337) parent patterns may cease to 
function, and the new patterns may proceed without them. This is 
merely another way of saying that the experience of an organism is 
progressive. 

There are doubtful points in the foregoing interpretation, which has 
been constructed in accordance with the hypothesis of epitomization, 
and set in parallelism to the development of germ-cells and the process 
of bi-parental reproduction in multicellular organisms. But at least 
this construction takes account of the most important known facts in 
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an obscure field, and (64.334) provides for continuity, stability, and 
variety, which seem to be essential to mental life, and which must 
somehow be assured in any theory that is framed. 


(64.34). We may suppose that reproductions of constituent 
monads persist in patterns, although these processes must be 
affected by the relative individuation attained in a pattern. 

(64.35). Patterns of course exhibit (64.351) resemblances, 
with correlated (64.352) differences. Measurement of these is 
indicated respectively by Spearman’s ‘‘g’’ and ‘‘s.’’????_ For 
Parmelee, the only difference between a reflex and an instinct 
is one of degree.‘?? In proportion as each instinct is a specific 
response to a specific stimulus, we may say that differences of 
instincts are correlated with differences of stimuli. Mc- 
Dougall thinks of the great variety of emotional states as 
due to the compounding of a relatively small number of 
primary emotions,'!** which are allied with instincts. Accord- 
ing to Kempf, variations in the affective stream are due to pe- 
ripheral variations in the autonomic functions, contrary to the 
usual belief that visceral reactions appear to be similar for 
different emotional states, and that the variation in function 
probably occurs in the central nervous system.17° Child and 
Herrick maintain that in certain parts of the nervous system 
the path of an impulse is not fixedly predetermined, but is de- 
termined by the combination of conditions, physiological states, 
excitations, etc., in the nervous system or in the parts concerned 
at the moment. There is in these regions of the nervous system 
a certain physiological equivalence of path.1?® For Kenkel, a 
configuration appears in a certain form and size determined by 
a physical stimulus, a retinal image, and a complex K;; this last 
depends upon the direction, division, and strength of attention, 
configurational dispositions, attitude, practice, and a number of 
other variables.1?7 All these facts may be (64.353) useful for 
classification, but much depends upon the precision of the facts 
as determined. Perrin, for example, says that psychology no 


122 See OC. H. Spearman, in C. Murchison, ed., Psychologies of 1930, 
pp. 34277. 

128 M. Parmelee, Science of Human Behavior, 1913, pp. 202f. 

124 W, McDougall, An Introduction to Social Psychology, 1921, p. 125. 
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126 ©, M. Child, Physiological Foundations, pp. 69f.; C. J. Herrick, Neu- 
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longer regards instincts as rigid entities capable of formal elassi- 
fication.1§ 

(64.36). A (64.8622) serial arrangement of patterns was im- 
plied in Weber’s law that the sensation is proportional to the 
logarithm of the stimulus.1*® According to Sherrington, so long 
as other conditions are unchanged, the intensity of the motor re- 
sponse follows the grading of the stimuli with exquisite fidelity. 
There are, he says, many instances in which the living material 
adapts itself and maintains its equilibrium under different 
grades of environmental stress, treating each fairly continuous 
and slowly altering grade as a normal zero.**° Watt says that 
percepts may be grouped according as they are endosystemic 
(one-sense), di-systemic (two-sense), ete., integrations.** Ac- 
cording to Sherrington, out of the potentiality for organizing 
complex integration there is evolved in the synaptie nervous sys- 
tem a grading of reflex-arcs and centers. A touchstone for the 
rank of a center in this neural hierarchy is the degree to which 
paths from separate loci and of different receptive modality are 
confluent thither; indicative of high rank is such functional 
position as relieves from local work and involves general re- 
sponsibility.+* 

(64.37). With regard to periodicities, reference may be made 
to the analogous level of reflexes (see 63.37). 

(64.388). At this level of patterns, it is appropriate to con- 
sider the associations and linkages which we call memory or 
habit and employ in learning. First of all, (64.8801) the word, 
like ‘‘heredity,’’ stands either for a process or a result. Prob- 
lems of memory have been allied with those of heredity by 
Geddes +** and Rignano;+** Semon’s theory of ‘‘mnemes’’ 4% 
suggests it. The process of memory (64.8802) involves reten- 
tions,t** or ‘‘stamping in.’’ We here take for granted that 

128 HW, A. ©. Perrin,‘‘Conscious Analysis vs. Habit Hierarchies in the 
Learning Process,’’ Jour. Comp. Psy., 1, 1921, p. 304. 

129 See W. James, Psychology, Briefer Course, pp. 177f. 
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.. 339, 
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132 ©, §. Sherrington, Integrative Action, pp. 313f. 

133 P, Geddes, Life and Work of J. C. Bose, p. 209. 

134 A, P. Mathews, Scientia, 36, 1924, p. 243. 

185 R. Semon, The Mneme, transl. L. Simon, 1921. 
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Bergson’s argument to the effect that since speech functions can 
not be definitely localized in the brain, therefore memories are 
not stored there,**’ is faulty, because it depends upon failure to 
find precise localizations which no one now expects.17 Kempf 
thinks that our memories are probably stored in the heightened 
postural tension of some division of the autonomic system.?* 
Wheeler, in speaking of the instincts of wasps, says that we must 
suppose that these dispositions somehow represent the experience 
of untold former generations of wasps.1*® Cannon has shown 
that emotions owe their specific and unique character to their 
being neural pattern-reactions ingrained in the nervous organiza- 
tion and responding instantly and spontaneously when the ap- 
propriate situation is present.1#? There is also a (64.8808) trans- 
ference from one pattern to another, as is recognized in theories 
concerning ‘‘traces.’’ +44 This does not necessarily take place 
when one pattern-reaction uses a path of neurons which has been 
used by a former pattern-reaction, any more than a transference 
of hereditary qualities takes place when one organism devours 
the body of another. There is transference only in cases which 
can be construed as reproduction, where by association or a 
similar process an element in one pattern, or more than one, en- 
ters into another new pattern and helps to determine its distine- 
tive character. The test as to whether an association is to be 
compared to the diet of an organism or the reproduction of a 
new organism seems to be the degree of individuation assigned 
to the new pattern; the criterion is at best uncertain. That the 
process of association may be compared either to the action of 
chromosomes or to the taking of food may be due either to our 
lack of discrimination or to the cumulative coordination which in 
the neuropsychological realm makes it hard to separate processes 
elsewhere distinct. But perhaps in the biotic realm diet and 
heredity are not utterly separate. At any rate, according to 
Ladd and Woodworth, the reasoning process consists of the trans- 
fer to a new situation of some mode of response previously ac- 
quired in different situations, and depends on some degree of 

137 H. Bergson, Matter and Memory, transl. N. M. Paul and W. 8. Palmer, 
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isolation of features which are common to both the new situation 
and the old.142 As a result of transference, there are (64.3804) 
effects within the new pattern which Kohler thinks involve 
(64.3805) constituent monads.1*? The whole process must be 
studied also in the light of (64.3806) later monads—for instance, 
Semon’s mnemes or engrams,'*> and Freud’s repressed com- 
plexes.44 According to Dewey, when activities become differen- 
tiated as ends and means, the organic basis of memory and 
expectation is supplied.t4* The essential point about recall and 
recognition 7*#° seems to be the fitting of the recognized act or 
idea into a complex which has had such an act before; it is in 
parallelism to the production and acceptance of an individual 
organism in a group when the individual performs a given soci- 
etal function. The Gestalt psychology claims that the general 
conception of larger organizations is essential to the understand- 
ing of memory. A configuration is a transposable form; only 
similar structures, rather than identical elements, need be pres- 
ent when recognition takes place.*® The data of learning +4? 
and memory are usually (64.3807) too complex for accurate lo- 
calization. It is hard to say why certain things are remembered 
rather than other things, but certain (64.8808) sequences and 
conformities to type reactions can in general be discerned. | 

There are (64.8811) complexes, like engrams, between which 
constituent patterns are (64.38111) transferred. Kohler has 
shown that apes retain structural and functional reactions after 
a lapse of several weeks, while the absolute choices in which the 
unit elements within a situation are learned last only a few days. 
Once configurational structures have appeared in experience, 
their reappearance in the future is easier even though the ob- 
jective conditions are less favorable. In accordance with the 
principles of completeness, ‘‘Prignanz,’’ ete., a part of a con- 
figuration may facilitate the whole.*® There must be, also, 

142 G. T. Ladd and R. S. Woodworth, op. cit., p. 605. 
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(64.88112) coordinate association of constituent patterns within 
such complexes and of (64.8812) different patterns, perhaps 
typified in the implicit tendencies which, according to the view 
above outlined (see 64.332), develop into patterns. One might 
even take account of the relationships of different reflexes within 
the same pattern. Patterns may be (64.381211) derived from 
other patterns, as in ‘‘association,’’ which might better be called 
‘*dissociation,’’ or by a process of conflict of tendencies—some- 
times with (64.881212) loss or modification of groups of cen- 
tral cells—in the pattern. We must also consider patterns 
(64.38122) coordinate with other patterns, as well as (64.8813) 
constituent groups of central cells. We should distinguish be- 
tween relationships of groups of cells in the same pattern and 
those in different patterns, as well as between (64.38131) sub- 
ordinate and (64.38132) coordinate relationships. 

As regards the last named, possibly, as we said, a process of 
reinforcement and growth of reflexes in the course of readjust- 
ments may, by a (bilateral?) splitting, (1) give rise to simi- 
lar, though not identical, impulses in the association tracts; (2) 
tend to keep constant the number, though not necessarily the 
precise kind of groups of central cells involved; and (3) tend to 
keep constant the type of interaction characteristic of reflexes 
of the given kind and of related reflexes, although changes of 
attitude, for example, may induce changes of organization.'*® 
Constituent groups of central cells are also doubtless (4) linked 
in associations, for instance by contiguity, in ways difficult to 
trace, but essential for memory. Consideration of the groups of 
cells in a pattern would accommodate most of the data on dif- 
ference of range and the development of inhibited tendencies 
(see 64.3333). The Gestalt psychology recognizes (64.38133) 
mutual relationships within patterns.°° It would be difficult, 
and at present pointless, to analyze the relationships of (64.3814) 
constituent receptors and effectors, with their constituent fibrils 
or fibers, to the degree parallel to that to which the Mendelian 
theories in biological heredity analyze the constituent combina- 
tions of genes, but from parallel assumptions and conditions 
parallel results might be expected. 

(64.41). <A pattern, like a reflex, tends toward one or another 
form of disintegration. For the discharge of the pattern, it is 

149 cf, W. Kohler, Gestalt Psychology, pp. 183, 311, 315. 

150 jbid., pp. 2127f., 292. 
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not necessary that the constituent reflexes should be disinte- 
grated or decomposed, any more than it is that for the general 
death of a multicellular organism the constituent cells must be 
decomposed. Carrel says that (64.411) among tissues the cere- 
bral substance disintegrates so quickly at death that after a few 
minutes of complete anemia irreparable losses occur.1*t <A pat- 
tern may be (64.412) broken up under the agency of another 
pattern, or may be forced to its discharge. The (64.413) dis- 
charge, like that of a reflex, sends energy into the muscles. As 
the nervous cells disintegrate, too, they tend to disappear and 
be carried away in physiological processes. 

(64.42). It is very difficult to distinguish aggregates here 
from integrates; the coordination of the nervous system is 80 
quick and so wide that the former pass over almost inevitably 
into the latter. Cannon notes that the sympathetic system, be- 
cause arranged for diffuse discharge, is likely to exhibit a number 
of reactions at once.*? Semon maintains that all simultaneous 
excitements in an organism form a connected simultaneous ex- 
citement complex which as such leaves behind a connected en- 
gram complex which in so far forms a whole.*®® 

(64.43). Doubtless it is within such aggregates that inte- 
grates constituting monads of the next higher level, which we 
shall call end-reaction complexes, are organized. Such integra- 
tions may be considered from several different lines of approach. 
In the first place, processes of trial and error may lead to them. 
According to Ginsberg, at first emotional responses are diffuse 
and there is excessive liberation of energy. But this gradually 
gets organized; a selection takes place among the impulses in- 
cited, accompanied by organic changes which partly express the 
operation of conflicting tendencies, but partly also are of the na- 
ture of preparatory adjustments.°* Again, Lloyd Morgan 
thinks that a new organization results from a change of order 
of the acts in a series, whereby what was originally, for example, 
in the case of a chick, (1) sight, (2) pecking and seizing, (3) 
taste, (4) swallowing or rejecting becomes (1) sight, (2) fore- 
taste, (3) either pecking or not pecking, ete. This inversion of 
order entailed by the conditioned response we speak of as con- 


151 A, Carrel, Am. Phil. Soc., Proc., 47, 1908, pp. 687f. 

152 See W. B. Cannon, Bodily Changes, 1929, pp. 25/f. 

153 B, Russell, Analysis of Mind, 1921, p. 84. 

154 M. Ginsberg, ‘‘ Emotion and Instinct,’’ Jour. Phil. Stud., 1, 1926, p. 41. 
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scious guidance.**> The Gestalt psychology, also, emphasizes 
such shiftings of elements. Probably in voluntary activity, as 
distinct from non-voluntary, phenomenal fields undergo trans- 
formation, so that insight or understanding governs the part- 
activity in the light of the total pattern or situation.°* In the 
organization of end-reaction complexes, a very important part is 
played by the distance-receptors, with their patterns, which al- 
low an interval between sight, hearing, etc., and possible contact, 
and thus induce anticipatory or precurrent reactions, precurrent 
to the final or consummatory reactions. We may suppose that 
in the time run through by a course of action focused upon a 
final consummatory event, opportunity is given for instinct, with 
its germ of memory, however rudimentary, and its germ of an- 
ticipation, however slight, to evolve under selection that mental 
extension of the present backward into the past and forward into 
the future, which in the highest animals forms the prerogative of 
more developed mind.*®? The object distinguished by the dis- 
tance-receptor is, as it were, delayed, held in the mind, while 
various other reactions are discharged.*** In accordance with 
the work of Kempf,®® the autonomic functions may be regarded 
primarily as consummatory, with the cerebro-spinal processes 
precurrent. Important at least for the recognition of larger 
wholes has been the work of Shand, who in place of Mill’s law of 
association, has propounded the principle of organization. Ac- 
cording to Shand, the laws of mind that we require for interpret- 
ing empirical generalizations concerning character must be or- 
ganic and not mechanical. The fundamental law underlying all 
other laws of character is that mental activity tends at first un- 
consciously, afterward consciously, to produce and sustain sys- 
tem and organization.1®® Finally, the Gestalt psychology con- 
ceives whole processes to be the fundamental psychological datum 
and the mind’s natural units. Many facts that have previously 
been explained as due to the relationships between smaller units 
are here explained as occurring within the larger natural unit.?®© 
This suggests that processes of differentiation are at work in the 

1550. L. Morgan, Life, Mind, and Spirit, p. 118. 

156 H. Helson, op. cit., 37, 1926, p. 45. 

157 ©, §. Sherrington, Integrative Action, pp. 326, 329, 332. 

158 cf, EK. Rignano, Psychology of Reasoning, pp. 33f. 

159 A, ¥. Shand, op. cit., pp. 21, 24. 


160G, Humphrey, ‘‘Psychology Revolts against Atomism,’’ New Re- 
public, 43, 1925, p. 257. 
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larger monads (see 64.442). In the integration of patterns into 
end-reaction complexes, the (64.481) dyadic relationship may be 
observed in the fact that consummatory reactions are likely to 
be for a long time retained and tonic, while the precurrent re- 
actions are run off as clonic. There need be no doubt that such 
integration is economical for the organism, and is accompanied 
by (64.482) release of energies otherwise employed in processes 
of trial and error. 

(64.44). That constituent patterns (64.441) retain some- 
thing of their importance in the new monad is evident whenever 
either ends or means are conspicuous there. From the Gestalt 
doctrine just noted, as well as on other grounds, it is clear that 
(64.442) patterns may be differentiated within end-reaction com- 
plexes. ‘‘As there are in the body,’’ says Shand, ‘‘certain 
greater systems and certain lesser systems, so there are such also 
in the character. And as in the body the greater systems include 
certain subsidiary regions or systems, ... so in the character 
also there are certain principal systems which organize others 
subsidiary to them.’’ +* 


161 A, F. Shand, op. cit., p. 27. 
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ENpb-REACTION COMPLEXES 


“ A consummation or satisfaction carries with it the continuation, 
in allied and reinforcing form, of preparatory or anticipatory activi- 
ties. It is not only a culmination out of them, but is an integrated 
culmination, a funded conservation of them.” 


J. Dewey, Experience and Nature, 1925, p. 257. 


(65.00). The monads which we now consider are sometimes 
hard to distinguish from monads of the preceding level. Some 
patterns may be regarded as complexes, somewhat as among 
astronomical bodies some nebulae with their condensing knots 
are virtually solar systems, and, in the biotic realm, some colo- 
nies and even some multicellular organisms are describable as 
societies. And just as any fertile organism may be regarded as 
a potential society, so, according to Watt, early concepts always 
contain within themselves the purpose of the objects they group.? 
There is the further difficulty that any description of monads of 
this level, which, as integrations of patterns, are essentially su- 
per-conceptual, must depend upon concepts and be worked out 
in concepts. As Watt puts it, ‘‘Science rests upon thought, and 
thought lies in the cognitive level of mind, of which concepts are 
the proximate element. How can we expect to portray in this 
one level of mind the inner spontaneity and essence of all the 
other levels of integration?’’? But on the general realistic pre- 
supposition that we may have ideas of independent objects,’ 
whether those objects are external or internal, we shall try to 
examine the structures and processes of such complexes objec- 
tively. When a complex is so definitely organized that an end, 
or consummatory * reaction, and one or more means, or precur- 
rent * reactions, are recognizable, we shall regard the totality as 
an ‘‘end-reaction complex.’’ Some of the current usages of the 

1H. J. Watt, Sensory Basis and Structure of Knowledge, p. 226. 

2ibid., p. 236. 

8 See R. B. Perry, ‘‘A Realistic Theory of Independence,’’ in The New 


Realism. 
4C. 8. Sherrington, Integrative Action, p. 329. 
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term ‘‘complex’’ imply such reactions as components. Accord- 
ing to Hart, a complex is a system of connected ideas with a 
strong emotional tone and tendency to produce actions of a cer- 
tain definite character ; an example might be a hobby.’ ‘Tansley 
calls a complex a system of associated mental elements, the stimu- 
lation of any one of which tends to call the rest into conscious- 
ness through the medium of their common affect, or specific emo- 
tion aroused.® 

Although many instinctive responses are merely reflexes or 
patterns, some of the instincts plainly are end-reaction com- 
plexes. ‘‘Gestalten,’’ too, are found at several different levels. 
The Gestalt psychologists note in instincts a persistence with 
varied effort until the end is attained; each part-activity attains 
meaning only when viewed in the light of the whole or consum- 
matory response. Motor reaction patterns are determined in 
their temporal order by the end or goal which may be an integral 
part of a configuration even though it is not present in time and 
space.’ Shand regards emotions as systems containing or utiliz- 
ing instincts for the realization of their own ends.* At this level, 
also, one may include at least some ‘‘interests,’’ although the 
term seems to be applicable to later levels as well. R. B. Perry 
uses the term ‘‘interest’’ to refer to what is characteristic of the 
strain in life and mind which we know as the motor-affective life, 
with instinct, desire, feeling, will, and all their family of states, 
acts, and attitudes. An act is interested in so far as its occur- 
rence is due to the agreement between its accompanying expecta- 
tion and the unfulfilled phases of a governing propensity. As 
prospicient adaptation, interest may be regarded as teleological 
without implying any breach with mechanism.’ 

These end-reaction complexes are found in animals as well as 
men. We must assume in the animal an adjustment or deter- 
mination of the psycho-physical mechanism toward a certain end. 
This adjustment persists until the motor reaction is consum- 
mated.’° For example, beavers may cut a canal through an 

5B. Hart, The Psychology of Insanity, 1922, p. 61. 

6A. G. Tansley, The New Psychology and Its Relation to Life, 1921, 

. 25, 49. 
in H, Helson, Am. Jour. Psy., 36, 1925, p. 369; 37, 1926, p. 44. 

8A. F. Shand, Foundations of Character, pp. 27, 33. 

9R. B. Perry, General Theory of Value, pp. 27, 183f. 

10G, T. Ladd and R. 8. Woodworth, Elements of Physiological Psychol- 
ogy, p. ol. 
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island in a river—a task not practically justified until it is 
completed.11 Just as the parallel level in the cosmogoniec in- 
cludes systems of stars without planets dependent upon them, 
and, in the biotic, plant societies without animals dependent 
upon them, so we should expect in the neuropsychological, espe- 
cially in primeval organisms, organizations of autonomic patterns 
—for example, those arising from organic needs—without pre- 
cise cerebro-spinal reactions which might serve as means to their 
satisfaction. That patterns predominantly autonomic may be 
organized with cerebro-spinal patterns on the consummatory- 
precurrent plan seems evident when Cannon regards visceral 
constituents of emotions as preparatory,'? whereas Kempf evi- 
dently regards autonomic constituents as consummatory.*? We 
should say that planets in the cosmogonic, animals in the biotic, 
and cerebro-spinal patterns in the neuropsychological ** exhibit 
parallelism here, being later developed from, or organized with, 
stars, plants, and autonomic patterns, respectively, into solar- 
planetary systems, plant-and-animal societies, and end-reaction 
complexes in which means are discriminated. 

(65.10). The individuation of these end-reaction complexes 
is (65.11) relative to (65.111) monads of prior realms and to 
(65.112) prior neuropsychological monads, such as ‘‘random’’ 
patterns, reflexes, etc., which have not been integrated. Ac- 
cording to Tansley, the network of associated mental elements 
which makes up the structure of the mind is not entirely or- 
ganized in complexes. Organized knowledge consists of systems 
of mental elements connected by purely rational bonds, and a 
number of mental elements are, so to speak, indifferent—that is, 
they are not attached to controlling centers charged with affect.** 
Individuation is relative also to (65.118) other complexes, par- 
ticularly to any which are suppressed or repressed.**> These cog- 
nate complexes are particularly evident in dissociation.1® Since 
any dominant complex is sustained, the (65.1131) dyadic rela- 
tionship of difference of rate is important. This difference prob- 
ably is involved in repression by reason of difference of ‘‘chron- 

11 J, A. Thomson, System of Animate Nature, Vol. 1, p. 212. 

12 See W. B. Cannon, Bodily Changes in Pain, Hunger, Fear, and Rage, 
1929, pp. 1947f. 

13K. J. Kempf, Autonomic Functions and the Personality, pp. xiii, 1. 

14A,G. Tansley, op. cit., p. 58. 


idef, A. A. Brill, Fundamental Conceptions of Psychoanalysis, pp. 161ff. 
16 See M. Prince, The Dissociation of a Personality, 1925, p. 3. 
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axy.’’?17 Because of the importance of cumulative coordination 
here, we might also mention individuation relative to (65.114) 
later monads, such as sentiments, values, and selves. 

(65.12). Individuation is convergent; we may consider end- 
reaction complexes as organized out of reflexes, or, as Shand does, 
differentiated within larger systems like sentiments (see 64.442). 

(65.13). It appears that (65.181) simple end-reaction com- 
plexes would be those composed of (65.1311) two or (65.1312) a 
few patterns, although they may be hard to distinguish. Tans- 
ley speaks of some complexes (65.1313) indefinite in outline and 
loose in construction.1® Complexes may doubtless be (65.132) 
compounded, as any ordinary ‘‘run’’ of experiences shows; but 
such compounding, owing to the high integration of all neuro- 
psychological processes, leads to (65.133) complex forms, espe- 
cially where the ‘‘end’’ of one complex becomes merely a means 
toa further end. IL. L. Bernard thinks that we are forced to the 
conclusion that the complex social ‘‘instincts’’ are in reality ag- 
gregates of habits, instincts, and reflexes, organized and re- 
organized from more elementary habits and simple constituent 
instincts and random movements with reference to some specific 
function.*® | 

(65.14). The individuation of these complexes, always rela- 
tive, is markedly affected by interactions. For Tansley, com- 
plexes are always shifting their outlines, by reason of mental 
elements becoming associated or dissociated, according to the 
changing course of experience and the waxing and waning of 
emotional content.”° 

(65.20). End-reaction complexes, in general, maintain their 
individuations by virtue of their interactions. According to 
Boodin, instincts and emotions exercise fundamental functions 
of selection.” 

(65.21). Among these interactions we consider, first, the 
(65.211) ineorporative appropriations. Tansley says a complex 
is constructed so that it readily absorbs (65.2111) a large quan- 
tity of energy.** Hart says that complexes are not constantly 
active, but only become so in the presence of a stimulus.** For 

17 See C. K. Ogden, Meaning of Psychology, pp. 52f. 
18 A, G. Tansley, op. cit., p. 50. 

19 L,, L. Bernard, Instinct, 1924, p. 531. 

20 A, G. Tansley, op. cit., p. 56. 

21 J, E. Boodin, Cosmic Evolution, p. 158. 


22 A, G. Tansley, op. cit., p. 77. 
23 B, Hart, op. cit., pp. 62f. 
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Herrick, a set of patterns while in actual operation may draw 
upon certain biological reserves and so exhibit a characteristic 
physiological pressure or ‘‘drive.’’®* According to Tansley, 
complexes associate with themselves (65.2112) mental elements. 
Hobbies are likely to be dominant complexes, continually an- 
nexing alien elements and penetrating more and more of a man’s 
life.* It is hard to distinguish between incorporative and 
(65.212) non-incorporative interactions; but certain fortuitous 
associations, such as association by contiguity, may furnish ex- 
amples of the latter. Tansley says that indifferent elements are 
likely to be picked up and attached to dominant complexes; ev- 
ery well-defined strong primary emotion directed to a definite 
object tends to have (65.2122) an outer fringe, as it were, of 
weaker affect, which Tansley calls sentiment, attaching itself to 
everything connected in the mind with the object of primary 
emotion.?® Shand thinks that the four emotional systems of 
anger, fear, joy, and sorrow seem to have not only an innate 
connection with every other primary system but also (65.2123) 
with one another.?? 

(65.22). End-reaction complexes exhibit rejections, of which 
we consider first the (65.221) incorporative. According to 
Tansley, complexes (65.2211) discharge energy at varying in- 
tensities.*2 We ordinarily think of discharge as a process char- 
acteristic of individual patterns or reflexes, but since, in a 
complex, one pattern or reflex undoubtedly influences the out- 
put of others, the discharge may be taken as characteristic 
of the complex. Tansley says that (65.2212) mental elements 
are always becoming dissociated from complexes.? Moreover, 
(65.2222) an end may be presented as something to be averted, 
as well as secured.?® Conflicting complexes may be (65.2223) 
kept apart, and never allowed to meet.*° 

(65.23). Mere (65.23111) repetition of stimuli may, by sum- 
mation,*: affect some of the complexes. There are also 


24 QO, J. Herrick, ‘‘The Natural History of Purpose,’’ Psy. Rev., 32, 1925, 
p. 421. 

25 A. G. Tansley, op. cit., pp. 56f. 

26 ibid., pp. 58, 149. 

27 A. I’. Shand, op. cit., p. 37. 

28 A, G. Tansley, op. cit., p. 56. 

29 J. Dewey, Experience and Nature, p. 150. 

80 B. Hart, op. cit., p. 80. 
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(65.23112) recurrent conations; Tansley says that when the 
libido has gained its immediate end in action the mind is tem- 
porarily satisfied and at rest, but the energy inherent in the 
living complex will shortly accumulate afresh and again seek 
an outlet, and so on indefinitely.** In the manifold changes of 
pattern which are the lot of every complex, other combinations 
(65.23113, etc.) may be discerned or inferred. Especially there 
are (65.28116, 65.23126) substitutions ** and transferences of 
affect.?? 

Cases of (65.231391) preemption are evident in any preoc- 
cupation. According to Tansley, the discharge of one complex 
means the inhibition of another, and tension; ** (65.231892) 
conflicts *° between complexes are frequent. The major con- 
flicts, he thinks, are always between complexes which have the 
great primitive instincts at their back.*® According to a num- 
ber of theories, the conflict of end-reaction complexes is what is 
traditionally known as will. James says that attention with ~ 
effort is all that any case of volition implies. The essential 
achievement of the will is to attend to a difficult object and hold 
it fast before the mind. If with the desire for something there 
goes the sense that attainment is not possible, we simply wish.*" 
Kempf thinks that by reason of compensatory speeding up of 
autonomic reactions, the wish can with more power attack the 
environment, so that what is wished for may occur.** Rignano 
says that an act of volition takes place whenever an affective 
tendency directed towards a future goal triumphs over an 
affective tendency whose aim is for the present *°—thus, we 
would note, making the conflict one of tonic and clonic complexes. 
There are familiar instances of (65.231393) reinforcement of 
one complex by another. Processes of (65.231394) exchange 
and interchange are observable in some transferences. 

(65.24). Within an end-reaction complex, constituent mon- 

32 A. G. Tansley, op. cit., p. 70. 

33 cf, W. B. Cannon, Bodily Changes, p. 377. 

84 ibid., p. 72. 

35 ibid., pp. 997f. 

86 ibid., p. 101. 

387 W. James, Principles of Psychology, 1899, Vol. 2, pp. 486, 561. Ac- 
cording to F. Aveling, it is not the will-act but conation which is marked 
by striving. See note 43 of our Chapter XVII. 

38 See E. J. Kempf, op. cit., p. 98. 


89 EK. Rignano, ‘‘On the Mnemonic Origin and Nature of the Affective 
Tendencies,’’ Monist, 21, 1911, p. 349. 


END-REACTION COMPLEXES 299 


ads persist in many characteristic interactions. For Robertson, 
from the beginnings of a voluntary act a certain quantity of 
matter is, so to speak, set apart in the central nervous system, 
and the execution of the act is only the result of (65.2411) the 
autocatalytic decomposition of this matter.*° S. Alexander as- 
sumes that every idea of an end to be gained is also a physio- 
logical process.*? Sherrington says that in willed actions the 
grading of intensity of muscular action appears to be obtained 
by (65.2412) pitting inhibition against excitation.*2 Cannon 
notes the uniformity of visceral responses when almost any 
feelings grow very intense, and the identity of these responses 
with those characteristically roused in the belligerent emotions 
of anger, rage, and fear.** R. B. Perry says that interest af- 
fects cognition in countless ways, by directing it to a certain 
context, by accompanying and impregnating it with attitudes 
of favor and disfavor, and by weighting the evidence on which 
it is based. Cognition affects interest by exciting or depressing 
it, by knowing it, by illuminating it, or by determining the 
forms in which it expresses itself.4* There may be (65.2413) 
minor complexes operative within larger ones, as is seen in 
subsidiary purposes. Kempf maintains that in the mechanism 
of wishes or cravings, reinforcing one another and accelerating 
and coordinating movement for the acquisition of a satisfactory 
object, we may recognize (65.2421) a biological manifestation 
of Newton’s second law of motion.*® According to Lashley, 
dynamic conceptions of the libido resemble liquids under pres- 
sure rather than physiological processes.*® 

(65.25). Doubtless development here (65.251) starts with a 
very simple form of end-reaction complex and _ exhibits 
(65.252) progressive changes as functioning promotes struc- 
turation. According to van der Hoop, desires split up or unite 
together and tend to become more differentiated and at the same 
time more complicated and pronounced.*’ Tansley says that 
complexes are formed (65.2521) by the interaction of the im- 

40G. Bohn, Revue philos., 77, 1914, p. 570. 

41 §, Alexander, Space, Time, and Deity, Vol. 2, p. 7. 

42C, S. Sherrington, Sci. Prog., 5, 1911, pp. 596f. 

43 W, B. Cannon, op. cit., p. 377. 

44 R. B. Perry, General Theory of Value, p. 307. 

45H. J. Kempf, op. cit., p. 148. 

46K. S. Lashley, ‘‘Contributions of Freudism to Psychology,’’ Psy. 
Kev., 31, 1924, p. 194. 
_ 47 J, H. van der Hoop, Character and the Unconscious, p. 19. 
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pressions constantly flowing in from the external world with the 
inherited instinctive mechanisms which lie within the mind and 
from which the energy of the complexes is derived. When the 
normal outlets of complexes corresponding to the great primi- 
tive instincts are barred (65.2522), accessory complexes and 
channels are constructed through which this energy finds an 
outlet.** Complexes are always shifting their outlines, as 
(65.2523) mental elements become associated or dissociated with 
the waxing and waning of affect.*® Dewey says that sometimes 
conflict (see 65.231892) is the chief agent in the elaboration of 
ends. A question to be answered, an ambiguity to be resolved, 
sets up an end, and holds the current of ideas to a definite 
echannel.®° Ends are not necessarily fulfilments or consumma- 
tions. They may be mere closures, abrupt cessations. So there 
are beginnings which are in no sense preparatory, being rather 
disturbances and interferences. But when these qualities are 
realized through organic action, they are converted into a series 
in which some acts are preparatory and others consummatory.** 
Kempf says that the structural plan of the autonomic and cere- 
bro-spinal systems in the higher animals show how the two 
systems have grown apace and moulded one another.*? | 

(65.253). Each developing structure contains within it prior 
monads. With regard to (65.2531) prior realms, it is clear 
that end-reaction complexes are organized in time and usually 
in space. When they contain ideas, man becomes a ‘‘time- 
binder.’’** Lloyd Morgan emphasizes the fact that in any 
given instance of human purpose there is substantial unity, 
though the mental events are sequent items of stuff.°* L. L. 
Bernard says that an ‘‘instinet’’ as complex as the ‘‘maternal’’ 
or ‘‘gregarious’’ instinct involves in the aggregate (65.2532) 
some millions of neural connections or processes, since there 
must be at least as many neural dispositions for each of these 
class terms or ‘‘instincts’’ as there are ways or combinations of 
ways in which each of the groups of functions represented by 
these terms may be carried on. He thinks that there are proba- 

48 A, G. Tansley, op. cit., pp. 50f., 78. | 

49 ibid., p. 56. 

50 J. Dewey, How We Think, p. 11. 
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bly hundreds of thousands of reflexes or instincts, which do not 
ordinarily function as independent units in adjustment proc- 
esses, but rather as constituent elements in larger habit com- 
plexes.°*° The problem of brain localization at this level is, as 
regards the complexes, on the whole, not very important, but 
becomes important when one considers the parts. According 
to Ladd and Woodworth, it is highly probable that any concrete 
mental performance involves physiologically a complex of ac- 
tivities of various parts of the brain, and that as a whole it 
ean not be localized, although the elementary functions without 
doubt depend upon certain particular nervous connections that 
have a definite location.®® 

Just as plant-and-animal groups may be primitive human so- 
cieties and thus contain men, so end-reaction complexes may 
contain (65.25321) those peculiar patterns, perhaps originally 
largely language-patterns,®°’ which we call ideas. Stratton says 
that our emotions will have ideas in them if they have to make 
them.®® The view that thinking belongs in a larger setting of 
end-reaction complexes is in notable accord with pragmatism. 
Dewey maintains that the intellectual element is set in a context 
which is non-cognitive and which holds within it in suspense 
a vast complex of other qualities and things that in the experi- 
ence itself are objects of esteem or aversion, of use, of suffer- 
ing, of endeavor, and revolt.5® And the subordination of con- 
tact activity to distance activity is equivalent to the possibility 
of release from submergence in the merely given—that is, release 
to abstraction, generalization, and inference.°® According to 
the Gestalt psychology, questions demanding thought arouse 
configurational processes which are incomplete and call for 
‘‘closure.’’? Once the form suggested by the question is ap- 
prehended, there is a sudden Einschnappen; the inner bond 
appears, baring the structure, and the configuration is com- 
pleted. This is responsible for the sudden drop of the curve 
of animal learning. Kohler’s apes would fabricate a tool when 

551. L. Bernard, Instinct, pp. 522, 527. 

56G. T. Ladd and R. 8S. Woodworth, op. cit., p. 264. 

57 See the symposium, ‘‘Is Thinking Merely the Action of Language 
Mechanisms?’’, Brit. Jour. Psy., 11, 1, 1920, pp. 557f.; K. 8. Lashley, in 
C. Murchison, ed., Foundations of Experimental Psychology, p. 550. 

568 G. M. Stratton, Anger .. ., 1923, p. 5. 


59 J. Dewey, Essays in Experimental Logic, 1916, p. 4. 
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the object and the goal were in the tool-goal configuration. For 
Wertheimer, creative thinking consists in the transposition of 
a member of one configuration to another configuration. Mem- 
bers of the premises are thus identified as belonging to a con- 
clusion; and membership within a new structure possessing its 
own peculiar properties sets the transposed members in a new 
Loni es 

Complexes may contain (65.2533) subordinate complexes as 
important features of their organization. Woodworth holds 
that an aroused reaction tendency predisposes the individual 
to make a certain end-reaction when the proper stimulus for 
that reaction is present; otherwise it predisposes him to respond 
to other stimuli which are present by. preparatory reactions that 
eventually bring to bear on the individual the stimuli required 
to arouse the end-reaction.® 

(65.2534). Just as it may be said to be within solar systems 
that at least the more highly differentiated monads of the later 
biotic realm develop, and within plant-and-animal societies that 
the more highly differentiated monads of the neuropsychologi- 
cal realm develop, so we might expect here that if there is any 
realm beyond the neuropsychological, at least its higher forms 
would be developed within complexes—perhaps in connection 
with purposive organizations—rather than in patterns merely 
as such. This might link with the neuropsychological the ‘‘spir- 
itual,’’ or perhaps a realization of the social (see 64.2534). 

(65.254). We may look in end-reaction complexes for certain 
gross differentiations, and there will be no doubt that the gross 
differentiations include those of ends and means. Lloyd Morgan 
says that at the emergent level of mind, where reference is not 
only cognitive but also refiective, there is, in its distinctively 
human form, an end in view; there is endeavor to reach it by 
some means; and there is the quality of enjoyment when it is 
attained.** This last point should remind us in our search for 
gross differentiations not to forget the affective, or emotional, 
or autonomic components, just as in an account of the gross 
differentiations of societies we must not forget the plants. The 
chief question, when parallelisms with other realms are sought, 
is whether the gross differentiations can be called (65.2541) 

61H. Helson, op. cit., 37, 1926, pp. 45, 54f. 


62 R. S. Woodworth, Psychology, pp. 239f. 
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central, (65.2542) intermediate, and (65.2543) peripheral. 
These terms may be used at least as metaphors. Leuba says 
that for a time the strain of purpose seems to act as a center 
which attracts to itself, as it were, the various elements of the 
problem.** And certainly since the time of William James, 
mention of peripheral elements of consciousness or ‘‘fringes’’ 
of attention have not been lacking.®> Tansley speaks of senti- 
ment as the outer fringe of emotions of weaker affect attaching 
itself to everything connected in the mind with the object of 
the primary emotion.®® At first sight, it seems impossible to 
pass with any security beyond metaphor here; we have to do, 
however, not alone with cerebro-spinal patterns but also with 
autonomic patterns. In a relatively simple organization of 
several autonomic patterns (65.25411), the differentiation of 
central and peripheral portions may not be prominent, any 
more than in a binary star or in a small plant society. It may 
be hard, also, to tell which are consummatory and which pre- 
current constituents. But just as stars and plants together, or 
plants and animals together, exhibit some differentiations into 
central, intermediate, and peripheral portions, so we might 
expect that autonomic and cerebro-spinal reflexes together will 
exhibit whatever of such differentiations there are at this level. 
We are not here concerned with the gross anatomy of the au- 
tonomic and cerebro-spinal systems within the organism as a 
whole, so we may not use without reserve the view of Kempf 
that in the higher organisms, the autonomic, as an affective 
sensori-motor system, created and uses the cerebro-spinal, or 
projicient sensori-motor system, as a means to keep in contact 
with the environment, or to adjust the receptors in the environ- 
ment to acquire the stimuli which enable the autonomic ap- 
paratus to fulfil its biological career.*7 We are concerned rather 
with whatever differentiation there is within relatively indi- 
viduated end-reaction compiexes. Now if organization in time 
is here more distinctive than organization in space, persistence 
in time is the clue to differentiation corresponding to central 
portions, and just as the central regions of solar systems and 
of societies may be on the whole most permanent, so the auto- 
nomic constituents of an end-reaction complex—.e., the cravings 


64 J. H. Leuba, Psychology of Religious Mysticism, 1925, p. 246. 
65 cf. W. James, Psychology, Briefer Course, p. 166. 

66 A. G. Tansley, op. cit., p. 149; cf. p. 183. 

67 BE. J. Kempf, op. cit., pp. xiii, 1. 
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—may last longer than constituents used as means for their 
satisfaction. Just as planets and satellites, and as herbivor- 
ous and carnivorous animals may form secondary organizations, 
so two or more cerebro-spinal patterns may be to one another 
in relationships of ends and means. James says that physiologi- 
cally considered we must suppose that a purpose means the 
persistent activity of certain rather definite brain processes 
throughout the whole course of thought.°* Dewey says that the 
concluding term conserves within itself the meaning of the entire 
preparatory process.®°® According to Miiller’s constellation the- 
ory, the goal is merely a constant in the chaos of reproductive, 
or, as he might say, mnemic, elements or tendencies.”° 

(65.255). Specializations of function are indicated in the 
differentiation of (65.2551) ends and (65.2553) means. Gins- 
berg thinks that the function of emotion is to reinforce the 
persistence of instinctive reactions, while increasing the plastic- 
ity of the behavior requisite for dealing with the situation.” 
The differentiation between ends and means need not involve 
consciousness. As Sherrington says, ‘‘That a reflex action 
should exhibit purpose is no longer considered evidence that a 
psychical process attaches to it, or that it represents any dictate 
of choice or will.’’ 7? Ends typically dominate the means which 
serve them. 

(65.26). End-reaction complexes exhibit notable types of 
regulation of their components. According to Kohler, in every 
process which issues in an end-situation, the mode of distribu- 
tion of energy (65.261) shifts in the direction of a minimum of 
configurative energy.”® Tansley holds that a complex limits 
and determines the modes of expression of an instinct, exactly 
as the detailed structure of an organism limits and determines 
the manifestations of life.“* Or, regulation may be (65.262) 
referential, as in the case of distance-receptors; Dewey says 
that every suggested conclusion is tested by its reference to 
such a regulating end.” According to the Gestalt psychology, 

6s W. James, Psychology, Briefer Course, p. 271. On the persistence of 
control ideas, see H. L. Hollingworth, Psychology of Thought, pp. 254ff. 

69 J. Dewey, Experience and Nature, p. 270. 

70H. Helson, op. cit., 37, 1926, p. 53. 

71M. Ginsberg, Jour. Phil. Stud., 1, 1926, p. 44. 

72 C0. 8. Sherrington, Integrative Action, p. 235. 

78 H. Helson, op. cit., 37, 1926, p. 45. 
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it is just this significance imparted by the end or goal which 
the ‘‘chance’’ theories of learning, such as those of Watson 
and Thorndike, omit.‘® Dewey says that when activity is di- 
rected by distant ends—which, we should say, might be (65.263) 
external—contact activities must be inhibited or held in. They 
become instrumental; they function only as far as is needed to 
direct the distance-conditioned activities.” 

(65.27). Tansley says that a complex may wax or wane in 
energy, or in affect; ** the (65.271) limits of such a process are 
doubtless determined by the relationships of end and means, and 
by competing complexes. 

(65.80). In accounting for the multiplicity of end-reaction 
complexes in the experience of any individual, appeal may be 
made first to the principle of (65.31) repeated independent 
production, but certain continuities in experience seem to de- 
mand other explanations. There is often, for instance, (65.32) 
a detachment of the pleasure felt in successful conation from 
the proper end of the conation. The feeling normally associated 
with the conation is when detached taken as an end in itself 
and pursued for its own sake.® According to Tansley, sug- 
gestions originate from one complex and are adopted with great 
readiness by another into which they seem to fit. He calls the 
sex-complex, the ego-complex, and the herd-complex universal 
and the other complexes particular, and says that particular 
complexes may be formed within the universal complexes.* 
There is a possible suggestion of ?? (65.83) reproduction by 
cooperation in his statement that the great complexes interact 
with and modify one another.*4 

(65.34). Within complexes, constituent monads persist in 
characteristic reproductions. Thus many new reflex actions 
and patterns are developed under the dominance of one or an- 
other end-reaction. 

(65.85). There are between complexes significant (65.351) 
resemblances, with their correlated (65.352) differences. For 
Hart, complexes may be of all sorts and kinds, the constituent 
ideas may be of every variety, and the accompanying emotional 

76 H. Helson, op. cit., 36, 1925, p. 349. 

17 J. Dewey, Experience and Nature, p. 270. 
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tones pleasant or painful, very intense, or comparatively weak.®? 
L. L. Bernard thinks that the content of the habit complex, 
miscalled instinct, varies constantly with the character of the 
adjustment, but the aggregate of acts retains the same class 
name as long as it serves the same general function. The con- 
tent varies infinitely, never consecutively possessing that unity 
of character which is essential to the concreteness of biological 
instinct.** 

(65.86). McDougall argues that the ‘‘derived emotions’’ of 
confidence, hope, anxiety, despondency, despair, and regret are 
members of, or named points in, a (65.3622) continuously 
graded scale of emotional experiences.** Rivers argues that the 
property of repression arises out of the organization of the 
nervous system into a hierarchy, whereby the higher levels con- 
trol the lower ones. The hierarchy represents the strata of 
potential behavior.®* According to Perrin, habit hierarchies 
correspond to instinct groups, although instincts are no longer 
regarded as rigid entities capable of formal classification.*® 

(65.37). It is possible that the complexes when arranged in 
Series exhibit certain periodic relationships; at any rate, or- 
ganizations of widely varying complexity seem to be involved in 
a comparatively narrow range of similar acts. 

(65.88). There are associations and linkages between com- 
plexes which are more or less traceable. In Semon’s terminol- 
ogy, the partial return of the energetic situation which formally 
worked engraphically (65.38131) operates ekphorically on a 
simultaneous engram complex.’’ Leuba says that emotions not 
only may continue, but also probably may reappear in conscious- 
ness after an interruption, without being accompanied by the 
intellectual contents with which they originally came into con- 
sciousness.’ Morton Prince observed in Miss Beauchamp the 
survival of feelings and emotions when the ideas which had 
called them forth had disappeared.*® 

82 B, Hart, op. cit., p. 62. 

838 L. L. Bernard, op. cit., p. 531. 

84 W. McDougall, ‘‘ Belief as a Derived Emotion,’’ Psy. Rev., 28, 1921, 
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(65.41). End-reaction complexes exhibit various types of 
disintegration. In states of extreme fatigue, the mind loses the 
power of concentration on a distant end, and attention (65.411) 
returns to each single act as it is carried out.°° For Freud, the 
pleasure principle, or principle of relaxation, marks the ten- 
dency of all living matter to return to the peace of the inorganic 
world.** According to Morton Prince, dissociation may be due 
to (65.412) a conflict between emotions belonging to the complex 
and another emotional complex.*? There is a sense in which a 
whole complex is (65.413) discharged into the environment 
whenever a planned product is constructed or achieved. Dewey 
says that when a person builds a house the end-in-view is a plan 
which is contemporaneously active in selecting and arranging 
the materials. The latter are the end in its present state of 
realization. The house itself when complete is the end in no 
exclusive sense; the means are still there.°* One may here take 
into particular account the fact that (65.414) in the course of 
the discharge of a complex there may be a kind of forced pre- 
liminary discharge of a constituent end,—that is, the end-in- 
view may be announced, for example in a promise. The an- 
nouncement of such intention may be delayed by deliberation, 
or may come as the result of voluntary effort and conflict of 
tendencies. 

(65.42). Complexes may doubtless be loosely aggregated, 
although, here as elsewhere in the neuropsychological realm, the 
high cumulative coordination makes it difficult to distinguish 
ageregation from integration. 

(65.43). We may suppose that it is within such aggregates, 
or apperception-masses, that a process of integration of monads 
of the next level ocurs. Shand has pointed out that our emo- 
tions or emotional dispositions tend to become organized in 
systems about the various objects and classes of objects that 
excite them. To such an organized system he proposes to ap- 
ply the name ‘‘sentiment.’’ This conception, says McDougall, 
enables us at once to reduce to order a province of psychology 
which hitherto has been chaotic and obscure.** Shand, how- 

90 A, G. Tansley, op. cit., p. 155. 
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ever, seems to favor differentiation, rather than integration, as 
the type of segregation involved here. He says that although 
there is in the very structure of the nervous system an innate 
base for the organization of the dispositions of these primary 
emotions one with another, still we seem to have no evidence of 
anything growing into a system which was not a system at the 
outset.” But McDougall thinks that within the sentiment of 
love, a fusion of anger and the tender emotion constitutes re- 
proach; or of pain and the tender emotion, anxiety.°* For 
McDougall, most of the complex emotions can be satisfactorily 
displayed as fusions of some two or more primary emotions, 
together with feelings of pleasure and pain, excitement and 
relaxation.®” Woodworth speaks of the coordinating of a num- 
ber of tendencies into the complex and decidedly high grade 
sentiment of love.®® 

(65.44). The remark of Shand, that we have no evidence 
of anything growing into a system which was not a system at 
the outset, is enough to show a process of (65.442) differentia- 
tion at work in the new monads. Coghill thinks that within a 
continuously growing embryonic matrix, neural mechanisms of 
specific behavior value may arise, eventually issuing in decisive 
actions construable as acts of will.®® 

95 A, F. Shand, op. cit., pp. 38, 69. 
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CHAPTER XIX 


SENTIMENT-COMPLEXES: VALUATIONS: SELVES: INDIVIDUAL 
Nervous Systems (MINps or PERSONALITIES) 


“ An emotion is a... microcosm of the entire mind, and this... 
is still truer of a sentiment.” 


A. F. Shand, Foundations of Character, 1920, p. 64. 


“ Personality is a new whole, the highest and the completest of all 
wholes, . . . a creative synthesis in which the earlier series of material, 
organic, and psychical wholes are incorporated. .. .” 


J. C. Smuts, Holism and Evolution, 1926, p. 263. 


“ Among empirical existents human personality is the richest monad, 
the fullest microcosm.” 


J. A. Leighton, Man and the Cosmos, 1922, p. 289. 


Sentiment-Complexes, or Sentiments 


(66.00). According to the view here taken, a sentiment-com- 
plex or sentiment is an organization of end-reaction complexes, 
especially marked by idea-patterns and having reference to 
some object taken as an end. In the most conspicuous examples 
the objects are persons, as in the sentiment of love, or include 
persons, as in the sentiment of patriotism. We have already 
noted that it is difficult to distinguish the more complex monads 
of each realm from one another; this is particularly true in the 
case of sentiments. LL. L. Bernard, for instance, thinks that 
there is no distinction between a sentiment and an emotion, 
except possibly one of degree of organization and of recogni- 
tion of relationship between object and subject.t. For Shand, 
the sentiments, although not peculiar to man, chiefly characterize 
him; they develop fortitude, patience, steadfastness, loyalty, 
and love.2, McDougall speaks of ‘‘complex emotions’’ as fusions 
of two or more primary emotions. W. K. Wright regards the 
ethical virtues as sentiments.* 

1. L. Bernard, Instinct, pp. 483f. 

2A. F. Shand, Foundations of Character, p. 173. 

3°W. McDougall, Social Psychology, 1921, p. 131. 

4W. K. Wright, ‘‘On Certain Aspects of the Religious Sentiment,’’ 
Jour. Relig., 4, 1924, pp. 454f. : 
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(66.10). Sentiments are individuated (66.11) relatively to 
(66.111) the basic physiological organism, (66.112) emotions, 
patterns, ete., and (66.113) other sentiments. They frequently 
exhibit (66.1131) a difference of rate which appears in con- 
servative and progressive traits. Shand remarks that in at- 
tempting to understand the systems of the emotions and senti- 
ments we have to isolate them. We have to abstract them at 
first from (66.114) that mind, or self, to whom they belong, or 
else our problem becomes too complicated.® 

(66.13). Sentiments are organized in various degrees of 
complexity ; McDougall, for example, holds that (66.1311) won- 
der and self-abasement constitute admiration.® R. B. Perry 
says that the simplest case of integration of interests by their 
mediating judgments is that of community of interest in which 
two or (66.1812) more interests are connected by a common 
mediating cognition.” McDougall, again, says that (66.133) 
admiration and fear constitute awe, and admiration and fear 
and gratitude constitute reverence.*? According to Perry, the 
phrase ‘‘complexes of interest’’ is not meant simply to convey 
the idea that interests are complex. It means that interests 
are so interrelated through possessing common constituents, or 
through being constituents one of another, that the satisfaction 
of one is a function of the satisfaction of another. It implies 
that interests are in some sense conjoined or linked together, 
so that in analyzing modes of complexity we shall at the same 
time be describing modes of integration.’ 

(66.14). As McDougall remarks, each sentiment has a life 
history like every other vital organization.® 

(66.20). The individuation of such an organization as a 
sentiment is maintained by its interactions. The interactions 
are selective; as Shand says, the systems of character select what 
they need.?° 

(66.21). For Tansley, suggestibility may be defined as the 
readiness (66.211) to receive and adopt as part of the mental 
contents suggestions of all sorts, whether arising from (66.2111) 
an outside source, or (66.2112) within the mind.“ Shand says 

5A. F’. Shand, op. cit., p. 64. 

6 W. McDougall, op. cit., 1921, p. 133. 

7R. B. Perry, General Theory of Value, p. 369. 

8'W. McDougail, op. cit., 1921, pp. 135f. 

9 W. McDougall, ibid., p. 168. 

10 A. F. Shand, op. cit., p. 26. 

11 A. G. Tansley, New Psychology and Its Relation to Life, pp. 86f. 
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that a sentiment like love or hate will assimilate any given 
emotion according as it can be utilized.’* Perry says that one 
interest may be mediated by (66.2113) another which consti- 
tutes its act of indication or predication.” Cases of (66.212) 
non-ineorporative incorporation may be afforded by loose asso- 
ciations, for example associations by contiguity. 

(66.22). Shand goes on to say that sentiments like love or 
hate will (66.2212, 66.2222) exclude any given emotion accord- 
ing as it can not be utilized by them.’” 

(66.23). In such organizations, combinations of appropria- 
tions and rejections, as well as (66.24) persistent interactions, 
occur in countless instances which need no detailed review. 

(66.25). More interesting are considerations of the structure 
of these sentiments. Common experience is enough to show 
that from (66.251) relatively simple beginnings, (66.252) 
functioning promotes structuration. For Miinsterberg, in cases 
of conflict (66.2522) a larger and larger circle of ideas sur- 
rounds the idea of one or the other goal. The ideas awaken emo- 
tions. On the one side we may call our duty and on the other 
side our pleasures. Larger and larger parts of the (66.2523) cen- 
tral content of our consciousness become involved.'? McDougall 
gives a schematic diagram of the (66.2532) neurological struc- 
tures involved.** Of particular importance are those patterns 
which we eall ideas. Although they are doubtless socially oc- 
easioned (see 55.2534, 69.44), we must first, as Perry does, take 
the individual for our microcosm.** Bernard says that the 
higher sentiments probably always carry with them a recogni- 
tion not only of affection for the object, but also an intellectual 
appreciation of the effect of the object upon the subject.1® <Ac- 
cording to Warren, thought and language on the receptive side 
give a finishing touch to the integrative process.17 Shand remarks 
that in all love there is an organization of the lesser systems of 
many emotions.’® According to McDougall, most complex emo- 
tions can be satisfactorily displayed as fusions of some two or 
more primary emotions, together with feelings of pleasure and 

12 A, F. Shand, op. cit., pp. 26, 61f. 

13 H. Miinsterberg, Psychotherapy, 1909, p. 90. 

14 W. McDougall, op. cit., 1921, p. 129. 

15 cf. R. B. Perry, op. cit., p. 521. 

16 ],, L. Bernard, op. cit., p. 484. 


17H. C. Warren, Human Psychology, 1920, p. 328. 
18 A, F. Shand, op. cit., p. 35. 
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pain, excitement and relaxation. For instance, wonder and 
self-abasement constitute admiration. Gratitude is a ‘‘binary 
compound’’ of tender emotion and negative self-feeling. Ad- 
miration and fear and gratitude, again (66.2533) constitute 
reverence.?® 

(66.254). Organization into (66.2541) central and (66.2543) 
peripheral elements may be argued for, at least in metaphor. 
Thus L. L. Bernard speaks of the core or cores of a complex 
act,2° and R. M. Ogden says that as students of behavior we 
should look first for the focus of a situation.*4 §. Alexander 
says that the religious sentiment, like the others, is fed from 
many sourees, but it gathers around some distinctive constituent 
as its primary nucleus. The nucleus of the sentiment of love is 
the tender emotion, around which gather in a system which is 
dominated by that emotion all manner of other emotions. Even 
in the aesthetic, moral, and logical sentiments there is a domi- 
nating and distinctive passion—the passion for production, 
sociality, curiosity. Without this distinctive element a senti- 
ment would be a mere composite without its peculiar flavor.” 

Whatever is said concerning (66.255) specialization of func- 
tions, (66.26) regulation, and (66.27) growth or depletion of 
end-reactions may be said also of sentiments. Sentiments, too, 
seem to develop with reference to (66.271) limits. 

(66.30). There may be (66.31) repeated productions of sen- 
timents; or an element associated with one may (66.82) become 
a ‘‘drive’’?? or nucleus of another. There seems nothing to 
prevent the origin of a sentiment from (66.33) the cooperation 
of two others. Constituent monads doubtless exhibit (66.34) 
characteristic reproductions. Sentiments exhibit (66.35) re- 
semblances and differences. McDougall says that sentiments 
are of three principal types, namely love, hate, and respect.” 
According to Boodin, the sentiments tend to form (66.3622) 
a hierarchy in which greater systems are superimposed upon 
lesser systems, including the bodily systems, until a character 
is formed.?> There are no indications of ?? (66.87) periodic 
relationships, but relationships of (66.38) association and link- 

19 W. McDougall, Social Psychology, 1921, pp. 1317f. 

20L. L. Bernard, Instinct, pp. 317, 517f. 

21R. M. Ogden, Psychology and Education, 1926, p. 284. 

22 §. Alexander, Space, Time, and Deity, Vol. 2, pp. 373f. 

23 R. S. Woodworth, Dynamic Psychology, 1908, p. 39. 


24 W. McDougall, op. cit., pp. 165f. 
25 J. E. Boodin, Cosmic Evolution, p. 159. 
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age may be expected to resemble those found in end-reaction 
complexes. 

(66.41). Sentiments, according to Shand, tend to break up 
into their constituent emotions. There are in all of us, he says, 
two kinds of forces or activities, the one making for organiza- 
tion, the other for disorganization; the one making us free from 
slavery to impulse, the other making us free from disagreeable 
restraints. In the decline of character, the emotions and im- 
pulses tend with increasing power to achieve their freedom.”® 

(66.42). <A loosely organized character is marked by aggre- 
gation of otherwise uncoordinated sentiments. 

(66.43). Urban speaks of the intuitive formation of ideal 
values by the reconstruction of objects of desire, in accordance 
with the ‘‘law of complementary value,’’ where the value of 
the whole exceeds the value of the sum of the elements taken 
separately.2” For Lloyd Morgan the substantial going together 
in a distinctive manner of items of value within a schema gives 
it worth.?8 2 ME} 

(66.44). Sentiments may (66.441) retain a conspicuous 
measure of their individuation within values, or new senti- 
ments may (66.442) be developed there. 


Value-Complexes, or Valuations 


(67.00). We regard valuations as belonging to a level later 
than that of the sentiments just considered, although it is not 
always easy to tell the difference. Just as some federated 
states may be smaller than some nations, so some valuations 
may be simpler in organization than some sentiments. The 
essential difference seems to be that a valuation is dominated 
by a more abstract idea, and may include within its structure 
several rather more concrete and more transitory sentiments. 
Sentiments may possibly be organized in animals other than 
man; but it is extremely improbable that organizations of the 
level of valuations are formed there. This fact may seem to 
indicate a break in our parallelisms between realms, but the 
break may be only apparent. If we knew more instances of 
biospheres, we might be able to say that just as some animals 
have sentiments but not valuations, so some planets have socie- 
ties at the level of tribes or nations but not federated states. 

26 A, F. Shand, op. cit., pp. 20, 62. 


27 W. M. Urban, Valuation, Its Nature and Laws, 1909, pp. 173f. 
28 ©, Lloyd Morgan, Life, Mind, and Spirit, p. 262. 
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Concerning values there has been long philosophical discus- 
sion, for the most part prompted by the tendency of idealists 
to make values the pivot of all metaphysics. No attempt is here 
made thoroughly to criticize these views; we merely offer one 
possible interpretation of values, consistent with the assump- 
tions and the other data of our hypothesis of epitomization, 
indicating by the way some points of contact with current 
discussions. Since our whole approach has been neuropsycho- 
logical, the monads to be distinguished here are not exactly 
values, but structures and processes of valuation, or, as we shall 
call them, valuations. The term ‘‘value’’ will be used to refer 
to qualities of enjoyment which, like associated or linked heredi- 
tary traits in biology, persist from one act of valuation to an- 
other (see 67.38). According to Kallen, in medical psychology 
values are called complexes; in ethics, sometimes, interests.?° 

It is difficult to find any agreement among various writers 
in examples given of end-reaction complexes, interests, senti- 
ments, valuations, or values. One might, for instance, cite 
what James Bryce called the several interests which the average 
man feels—(1) the occupation by which he makes his living; 
(2) domestic concerns; (3) in some countries his religious be- 
hefs and observances; (4) his amusements and personal tastes; 
(5) his civie duty.*° More abstractly, Everett lists, as aspects 
under which it is convenient to survey the unity of life, eco- 
nomic values, bodily values, values of recreation, association, 
character, aesthetic values, intellectual values, and religious 
values.*+ For us, the difference between a sentiment and a 
valuation, while not absolute, is illustrated by that between love 
and justice. Examples of values are afforded by most ideals, 
and are often to be discovered in ‘‘meanings’’ and theories of 
meaning. 

(67.10). That acts of valuation are (67.11) relatively indi- 
viduated is taken for granted as the condition of their being 
discussed. Tansley points out that the mind is rarely successful 
in subordinating the whole of its activity to the service of an 
ideal. Certain of the ( 67.112) instincts will stand outside the 
ideal scheme and will consequently demand independent satis- 


29H. M. Kallen, ‘‘ Value and Existence in Philosophy, Art, and Reli- 
gion,’’ in J. Dewey and others, Creative Intelligence, 1917, p. 415. 

30 J. Bryce, Modern Democracies, 1921, Vol. 2, p. 547. 

31 W. G. Everett, Moral Values, 1918, pp. 182f. 
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faction.*? The term ‘‘absolute values’’ tends to obscure the 
fact that all our acts of valuation are relative to (67.113) other 
acts of valuation. The term ‘‘absolute,’’ according to the prin- 
ciple of implicit duality,®* is involved in contradictions. If it 
means “‘unqualified by all other valuations,’’ this exclusion it- 
self makes the act of valuation relative. If it means that one 
valuation dominates all others, this if it ever occurs, represents 
a later stage of integration, such as that of a personality in 
which referential regulation is achieved (see 69.262). The 
(67.1181) dyadic relationship of difference of rate may be dis- 
cerned in the distinction frequently observed between values 
as instrumental, or contributory, and intrinsic, or immediate.** 

(67.12). The cumulative coordination which runs through 
the whole cosmic process reaches its climax in the neighborhood 
of these neuropsychological levels, so that selves or personalities 
tend to supervene here and differentiate valuations within their 
organizations. But on the other hand, complete integration in 
selves or personalities is rare, and in most cases a number of 
relatively isolated sentiments remain outside, exhibiting their 
characteristic processes, including integration. It appears, 
then, that the individuation of valuations is convergent. 

(67.13). Acts of valuation exhibit different degrees of com- 
plexity of organization; since all valuation has more or less 
reference to ends, these differences are particularly evident when 
one considers their organization in time. Just as by a kind of 
extension of the term ‘‘atom,’’ a single hydrogen nucleus or 
proton, even though it has no electrons, may be regarded at 
least potentially as an atom, so an actual immediate enjoyment, 
for instance an aesthetic experience, even though it requires no 
preparatory reactions or has dispensed with them, may be called 
a valuation. This is possibly what Dewey has in mind when 
he says that values are values; things immediately have certain 
intrinsic qualities. All that can be said concerns their genera- 
tive conditions and: their consequences. In themselves values 
may be just pointed at.*> Perhaps it is just the act of imme- 
diate enjoyment as discriminated which gives us (67.1311) the 
simplest form of valuation. Apparently (67.1312) other sim- 

382 A. G. Tansley, op. cit., p. 71. 

33 See G. P. Conger, 4 Course in Philosophy, pp. 473ff. 

84 For the distinction see M. Picard, Values, Immediate and Contribu- 
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ple forms occur when means and ends come to be organized 
and discriminated. For Warren, an ideal consists of a vivid 
image or thought which is combined with an intense feeling and 
with intense kinesthetic elements, where the hedonic and ex- 
pressive components are focal.*® 

Valuations may be (67.132) compounded; they become 
(67.133) complex when the end of one or more serves aS means 
to a further end. For Lloyd Morgan, value as such is always 
instrumental in some higher synthesis which has more compre- 
hensive worth.** Everett thinks that much could be said for 
the view that the higher values stand all on the same level; it 
is their harmonious and well-organized union which alone can 
claim an unchallenged primacy.*® But such a view, according 
to our estimate, is due to a lack of discrimination between vari- 
ous valuations, and to lack of attention to their structures. 

(67.14). The individuation of a valuation is affected by its 
interactions; this is evident, for example, in the shifting of 
valuations in the course of time. The analytical treatment 
which follows is likely to lose sight of some of the more concrete 
features of valuations—for example, the fact that an act of 
valuation exhibits various methods of obtaining knowledge, and 
exhibits them in an organic, or monadic unity (see 67.24, and 
Chapter XXXIV, 10). A valuation may, as a synthesis, ex- 
hibit the new quality of freedom.®® 

(67.20). Valuations, as relatively individuated units of men- 
tal life, maintain themselves by continual interactions. A gen- 
eral term for such interactions is seen in the word ‘‘evalua- 
tion,’’ which in a restricted sense refers particularly to the 
effect of interaction upon the structure or organization of a 
value (see 67.25). That these interactions are selective appears 
in the principle of the threshold, according to which the power 
of an object to call forth a feeling of worth or of worth-differ- 
ence depends not upon the object alone but upon the feeling 
or conative dispositions of the subject.* 

(67.21). Values have sometimes been so etherealized in dis- 
cussion that it is easy to forget the actual valuations with their 

36 H. ©C. Warren, op. cit., pp. 325, 329. 

870. Lloyd Morgan, op. cit., p. 263. 

38 W. G. Everett, op. cit., p. 217. 

39 cf. BE. G. Spaulding, The New Rationalism, 1918, pp. 448f.; S. Alex- 
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constant appropriations, particularly of (67.2111) objects of 
the cosmogonic environment. They also incorporate (67.2112) 
ideas, particularly under social conditions. Everett calls at- 
tention to the (67.2113) interdependence of values and the 
transforming influence which a group of higher values exercises 
on alower. Our use of material things, for example, is changed 
when touched by the spiritual forces of sympathy, intelligence, 
beauty, or religious aspiration.*t Cases of (67.212) non-incor- 
porative appropriation are not clear, but are perhaps afforded 
by the loose attachment whereby objects only accidentally as- 
- sociated with ends or means of value come to be included within 
a total value-situation. 

(67.22). Acts of aversion and refusals to value indicate that 

processes of rejection are also characteristic of this level. As- 
eription of negative value often involves serial arrangement 
(see 67.361). 
- (67.23). Combinations of appropriation and rejection are 
manifold in any concrete experience of valuation. Urban speaks 
of (67.23117, 67.23127) value movement or transference of 
conative tendency or worth feeling to new objects.** Keyserling 
says that ideals (67.281392) live at the expense of one another 
just as organisms do.** According to Alexander, a higher value 
may make use of what on a lower level is unvalue; for instance, 
elements emerge from the chaos of evil and are built up into 
good as crops are nourished by excrement.** 

(67.24). ‘Within valuations constituent monads continue 
their characteristic interactions. The emotional adjustments, 
for example, incorporated into one’s value of honesty may be 
modified without altering the general character of the whole. 
Ideas operative within values may give them whatever rational 
character they have, without exhausting their content or sig- 
nificance. This fact, that ideas do not exhaust the content of 
valuations,*® offers a point of contact with intuitionism and 
mysticism. Judging from a statement of Urban, it would seem 
that there can be (64.24117) transference of worth feeling, from 
end to means within a valuation.*® 

41 W. G. Everett, op. cit., p. 183. 

42 W. M. Urban, op. cit., p. 195. 

43 H. Keyserling, The Travel Diary of a Philosopher, transl. J. H. Reece, 
1925, Vol. 1, p. 183. 

44 S$, Alexander, Space, Time, and Deity, Vol. 2, p. 411. 
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(67.25). That the interactions of a valuation are enregistered 
in its structure is maintained in (67.251) a simple ease by 
Follett, who holds that the realization of a second value involves 
activities which (67.252) change one’s attitude toward the first 
value.*7 Urban says that the common element in all value 
movement is the distancing of primary objects of desire or 
feeling and the interpolation of new feeling attitudes with 
modified presuppositions.*® In the differentiations of structure 
(67.253) constituent prior monads may be distinguished. Ac- 
cording to Warren, value experiences which involve social situa- 
tions are generally rich in systemic components.*® For Kallen, 
there is a strong (67.2532) emotional tone in value.®®° As Sorley 
says, pleasure heightens any value, rounds it off, gives it com- 
pleteness, and yet pleasure may be a factor in states of another 
kind.* Tansley notes that in the developed state in which the 
mind is dominated by ideals involving the most long-continued, 
intricate, and varied conations, the instincts are subordinated 
to these ideals, finding their satisfaction as it were incidentally.*” 

(67.254). In their gross differentiation, valuations exhibit 
again the distinctions of ends and means which may be taken 
more or less metaphorically as distinctions between (67.2541) 
eentral and (67.2543) peripheral elements (see 65.2541, ete.) 
Warren speaks of hedonie and expressive components as focal 
in ideals.** Perhaps less metaphorically, Ames says that the 
idea of God when seriously employed tends to generalize and 
idealize all the values one knows.®? Intricate structures doubt- 
less arise when the end of one valuation becomes the means to 
a further valuation. 

(67.255). Differentiations of structure are in some sense cor- 
related with specializations of function; the terms ‘‘consumma- 
tory reaction’’ and ‘‘precurrent reaction,’’ for instance, may 
be taken in either sense. From our point of view, the functional 
psychology with its emphasis on ends does not escape from 
structural considerations, but enters with them into an alliance 
so close that its structural aspects are not distinguished. 

47 cf. M. P. Follett, Creative Experience, pp. 62, 83. 

48 W. M. Urban, op. cit., p. 202. 
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(67.26). Valuations obviously exhibit processes of regula- 
tion, particularly with (67.262) reference to the dominating 
idea, as well as to (67.263) external objects. 

(67.27). Valuations often exhibit processes of increasing 
or decreasing affective content; the former is particularly evi- 
dent in Urban’s law of complementary value, and the latter in 
his law of diminishing or (67.271) limiting value.** 

(67.31). Valuations may multiply by repeated production. 
According to Urban, the law of limiting value modifies the 
threshold of value judgment in the sense that old objects and 
habitual quantities of those objects lose their value, and dis- 
continuous value movements to new objects result.°> Or, (67.32) 
secondary and derived values emerge in the processes of pursuit, 
acquisition, and consumption of the primary objects. As com- 
plementary values they are first imputed as additional values to 
the primary objects, but they may be ultimately abstracted from 
the primary values, ideally reconstructed, and independently 
valued.®® Doubtless new valuations may arise from (67.33) 
conflict and fusion of elements derived from former valuations, 
and doubtless also within valuations (67.34) characteristic repro- 
ductive processes persist, especially in the syllogistic processes. 
Valuations exhibit (67.35) endless resemblances and differences. 
Perry, for instance, says that borrowing their status from the 
interests which determine them, values themselves may be spoken 
of as inherited or acquired, positive or negative, recurrent or 
progressive, real or playful, aggressive or submissive, subjective 
or objective.®” 

(67.386). Various serial arrangements of valuations have made 
the phrase ‘‘hierarchy of values’’ familiar. Urban says that all 
worth theory is concerned with the determination of the relative 
preferability of objects. In order that such degrees of prefer- 
ability may be established, it is necessary that fixed starting 
points for such estimation should be found where relative worth 
passes over into worthlessness on the one hand or absolute un- 
limited worth on the other.®°® In such series (67.361) directional 
properties may be important, for serial arrangements of negative 
values or ‘‘unvalues’’ are also possible. Series may be made 

54 W. M. Urban, op. cit., pp. 1567f., 1737. 
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up of (67.3622) valuations of different degrees of complexity ; 
Everett says there is a recognized law that the less inclusive 
interest must always be subordinated to the more inclusive.®*® 
Urban’s three groups of worth objects and levels of valuation— 
‘‘eondition worths,’’ ‘‘personal worths,’’ and ‘‘over-individual 
worths,’’ ®° involve persistence of valuations in more inclusive 
monads. If ‘‘infinite values’’ are admitted, they may be re- 
garded as (67.8632) indeterminate. 

(67.38). We indicated above that ‘‘value’’ may be under- 
stood as the property or quality common to our valuations. 
With this may be compared the view of R. B. Perry, that value 
in the generic sense attaches promiscuously to all objects of all 
interest. It now appears that this property or quality of 
value is held in common by our interests or valuations by reason 
of certain processes in which affective quality or emotional tone 
is (67.3803) transfered from one act of valuation to another. 
The value of a given act or series of acts of valuation may thus 
be analogous to the hereditary traits or characters of an organ- 
ism or series of organisms. Thus for Urban, valuation is the 
continuous, progressive, systematic determination of the stream 
of conation and feeling. Psychical continuity is the important 
point, and the special form in which it here appears stands in 
close connection with the problem of the derivation of the differ- 
ent attitudes of appreciation as genetic modes of one continuous 
process of acquirement of meaning, or of showing how the ac- 
quired meaning of one attitude, having become dispositional, 
functions as an assumption or presupposition of new feelings or 
modes of valuation.“ Or, value may result from a (67.38132) 
blending of various qualities and tones. 

(67.41). Valuations of course disintegrate, especially 
(67.412) under the effects of competing valuations. They may 
be (67.42) aggregated in a more or less loosely related body of 
experience. 

(67.43). Within such aggregates, certain further organiza- 
tions may be distinguished. These organizations we shall con- 
sider to be new monads, calling them ‘‘selves.’’ That such a 
process of segregation occurs has been noted or implied by sev- 
eral writers. Thus for Lloyd Morgan, the worth of a person 

59 W. G. Everett, op. cit., pp. 220f. 
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lies in the substantial unity of the items, lower and higher 
throughout the whole gamut, that go together to constitute his 
self of enjoyment.** Pillsbury regards the self, at least in one 
of its aspects, as an accumulation of habits.°* Tansley lists, as 
components of what he calls the ego-complex, pugnacity, curios- 
ity, self-assertion, construction, feeding, acquisition, self-abase- 
ment, repulsion, and flight. He speaks of the arrangement of 
conflicting complexes in mutually exclusive groups, each con- 
taining only harmonious complexes, thus leading to the organiza- 
tion of a double or multiple personality. J. E. Turner says 
that every self is a mass of diverse values so intimately fused 
together as to act no longer separately but en bloc, and therefore 
with all the greater force, just as infinitesimal electrons combine 
into an indestructible and chemically powerful element.®* Per- 
haps one might here discern ?? (67.432) an economy of effort. 

(67.44). We suppose that within a newly organized self 
(67.441) a constituent value may conspicuously retain its indi- 
viduation, or that (67.442) new values may be differentiated 
there. 


Selves 


(68.00). In dealing with the later monads of each realm, 
many alternative interpretations of the data are possible; this 
is particularly evident in dealing with selves. As M. C. Otto 
puts it, people who are most certain that they know what the 
self is are those who have never stopped to think about it. Those 
who have thoroughly studied the subject admit great difficulty 
in determining how much or how little is to be included in the 
concept.*’ A behavioristic definition might regard a self in 
terms used by Weiss as a type of sensori-motor organization 
made up of sensory patterns which are stimulated only by con- 
ditions arising in what we designate as our own body and for 
which the conventional response is ‘‘I,’’ ‘‘me,’’ ‘‘myself,’’ °° 
Selves may be confined merely to the human neuropsychological 
organization, but rudimentary traces of such monads may pos- 
sibly be discerned in some of the animals. 

63 ©. Lloyd Morgan, Life, Mind, and Spirit, p. 275. 

64 W. B. Pillsbury, Hssentials of Psychology, 1914, pp. 346f. 
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(68.10). The difficulty of definition is enough to show that a 
self is individuated only (68.11) relatively. Cumulative eo- 
ordination, which in these later neuropsychological monads is 
more and more evident, obscures (68.112) prior monads, but 
nevertheless it is possible to say, with Cooley, that the ‘‘I’’ is 
not all of the mind, but a peculiarly central, vigorous, and well- 
knit portion of it, not separate from the rest, but gradually 
merging into it, and yet having a certain practical distinctness. 
Hart makes ‘‘personality’’ denote the whole of the mind ex- 
cept the particular complex under discussion.“ Dewey holds 
that experience, a serial course of affairs with their own char- 
acteristic properties and relationships, occurs, happens, and is 
what it is. Among and within these occurrences, and not out- 
side them, are those events denominated selves. Personal indi- 
viduality has its basis and conditions in simpler events.” 

Individuation relative to (68.113) cognate monads appears 
pathologically in cases of multiple personality, such as those 
studied by M. Prince.*? Ouspensky holds that in saying ‘‘I,’’ a 
man means not the total complex of all regions, but that which in 
a given moment is in the foreground of consciousness.7* Even 
(68.1181) a dyadic relationship is suggested when Hart for pur- 
poses of discussion regards the mind as divided into two parts, 
aS when we speak of a man conquering a temptation.”® Such a 
dyadic relationship appears also to characterize the ‘‘self as 
knower’’ and the ‘‘self as known.’’ “ 

(68.12). The data on multiple or dissociated personalities 
indicate clearly that selves may be products of differentiation ; 
hence if our view of integration is correct, their individuation is 
convergent. 

(68.13). The data on different degrees of complexity of or- 
ganization of selves are meager. It appears from the work of 
Prince ” that selves may be (68.132) compounded. According 
to van der Hoop, in some of the work on multiple personalities 
it is even possible at times to conjure up (68.133) another more 
complete personality—or as we would say, self—, uniting in one 

69 C. H. Cooley, Human Nature and the Social Order, p. 150. 
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whole the experiences and faculties of two others, but such cases 
are very rare.” 

(68.14). Psychotherapeutic work, if nothing else, shows that 
the individuation of a self is modified by its interactions or other 
monadiec characteristics. 

(68.20). We assume that a self maintains itself by constant 
interactions which are selective. Kempf holds that a selective 
function is exercised by the autonomic apparatus which differ- 
entiates the harmful from the beneficial types of stimuli.” 

(68.21). The interactions of a self include appropriations. 
Dewey says that in some specifiable respects and for some speci- 
fiable consequences these selves, which are capable of objective 
denotation just as are sticks, stones, and stars, assume the care 
and administration of (68.2111) certain objects and (68.2112) 
acts in experience; the self, as a centered organization of ener- 
gies, identifies itself, in the sense of accepting their consequences, 
with a belief or sentiment of independent and external origina- 
tion.” Probably (68.2123) appropriation on the part of a self 
is at the root of the process of self-consciousness,"* and perhaps 
of what Hocking calls ‘‘the reflexive turn.’’ 7° 

(68.22). <A self also exercises important functions of rejec- 
tion. Dewey holds that in such affairs as are designated by ‘‘I 
do not believe,’’ or ‘‘I do not like,’’ it is obvious that a relation- 
ship of incompatibility between two distinct and denoted ob- 
jects is contained.*° Kempf thinks that (68.2212) a continuous 
dynamic pressure eliminates useless reactions."® Another exam- 
ple of rejections is afforded when a repressed complex is re- 
garded as belonging no longer to the self, but as the production 
of some other real or imaginary individual—the process which is 
called ‘‘projection.’’ *4 

(68.23). With Miss Beauchamp, one conscious personality— 
or, as we would say, self—performed (68.231392) acts definitely 
designed to act upon another personality—or, as we would say, 
self—which was also at the time conscious, the former being 
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able to perceive and reflect upon the consequences of her acts.*? 
Something of the sort may underlie ordinary autosuggestion. 
William James gave characteristic expression to the ‘‘conflict 
of the mes.’’%* If consciousness involves conflict,8* doubtless 
this conflict of the ‘‘mes’’ is essential to heightened self-con- 
sciousness. 

(68.24). There need be no doubt of the persistence of char- 
acteristic interactions on the part of constituent monads, nor of 
(68.25) the enregistering in structure of the effects of interac- 
tions. Particularly when (68.253) constituent prior monads are 
studied, a number of statements made by James and Pillsbury 
ean be correlated. Thus James speaks of the constituents of the 
self as (68.2531) material, social, and spiritual, and lists among 
the material constituents the body, family, property, and work 
of the individual.®® Pillsbury regards the self as (68.2532) an 
accumulation of habits, the expression of continuous existence 
and of unity of experience.*® According to Cooley, concrete self- 
feeling in mature persons is a whole made up of various senti- 
ments, along with a good deal of primitive emotion not thus 
broken up.** Cory says that when there is a transition from one 
self to another, in the new self the observer is confronted by a 
new set of presuppositions, and that ?? (68.2541) at the heart 
of these will be found a new group of impulses or desires.*® 

(68.26). Processes of regulation are evident in (68.261) 
‘“palanced’’ selfhood, in (68.262) self-esteem, or in gradual 
moulding of a self with reference to (68.263) external condi- 
tions. 

(68.27). The waxing and waning of selves in pathological 
cases *° indicates accretion and depletion, although ?? (68.271) 
limits are hard to specify. 

(68.31). Selves may doubtless develop with at least a meas- 
ure of independence from other selves, but Cory speaks of selves 
as arising by (68.32) bifureation and division.°° Their or- 
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ganization is elaborate enough for (68.34) reproduction among 
constituent monads. They exhibit some (68.351) resemblances 
and (68.352) marked differences. William James regarded the 
‘*T’’? which knows the ‘‘me’’ as at each moment different from 
that of the last moment.®** Each of Miss Beauchamp’s three 
selves which in succession ruled her conduct had its separate 
aim and a disposition and taste in contrast to the others, whether 
in food or dress or friendship.®*? An arrangement(68.3622) in 
series is indicated in the statement of Angell that sometimes 
memories in multiple personalities are related like nests of 
Chinese boxes.®? James speaks of a tolerably unanimous opinion 
concerning a hierarchical scale of selves.** 

(68.41). Certain constellations proper to a self (68.411) dis- 
integrate when essential impulses or desires are withdrawn.” 
One self may (68.412) antagonize and break up another. In 
connection with the disintegration of a self, we may take special 
account of (68.413) the process of self-expression, which means, 
after all, the gradual discharge into the environment, natural or 
social or both, of those activities characteristic of the self, with 
the production there of corresponding effects. 

(68.42). The aggregation of selves constitutes ‘‘multiple per- 
sonality.’’ According to Rivers, the facts of post-hypnotic sug- 
gestion may possibly be explained by assuming the coexistence 
of an independent system of experience carrying out the post- 
hypnotic suggestion. This may be regarded as the germ of the 
far more highly organized system which makes up an independ- 
ent personality.°® Kallen says that one body in the course of 
its lifetime has many minds only partially united.®’ According 
to Sherrington, each of us is in some sense not one self but a 
multiple system of selves.°* Lloyd Morgan holds that the self 
for contemplation is liable to be regarded as more than one self.®° 

(68.48). Within such aggregates, there are indications of the 
higher synthesis which in the case of man we call personality. 
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Lloyd Morgan in connection with the view just cited says that 
the self of enjoyment, is an integral whole which in us, as con- 
trasted with the animals, is raised to a higher emergent level.*” 
It frequently happens that while the process of integration into 
personality is admitted, it is held to be an integration of elements 
simpler than selves. Dewey says that personality, selfhood, and 
subjectivity are eventual functions that emerge with complexly 
organized interactions, organic and social. Personal individual- 
ity has its basis and conditions in simpler events.*% Sellars re- 
gards the soul as an integrated complex of neuronic systems.*” 
Such views are parallel to any which regard the cosmogonic 
universe as integrated from atoms, stars, ete., or the bio- 
sphere as integrated from multicellular organisms, nations, ete. 
But the integration may be one of more inclusive monads. Janet 
has found rare cases in which one personality united in itself 
the experiences and faculties of two others.?° 

(68.44). Hven within a newly organized personality, a self 
(68.441) may remain conspicuous, or (68.442) new selves may 
be differentiated. 


Individual Nervous Systems (Minds or Personalities) as Monads 


(69.00). In the study of monads of this level, we should in 
the first place repeat that the decimal numbering is only for con- 
venience of reference, and is not to be regarded as metaphysi- 
cally essential. In the second place, when we compare these 
monads with those set in parallelism to them—in the cosmo- 
gonic, the cosmogonic system, or perhaps the Einstein universe, 
as a monad, and in the biotic, the earth’s total population, or 
biosphere—we find striking differences in the accessibility of the 
data. Only one Einstein universe is known to us, and only one 
biosphere is known for certain, but myriads of nervous systems 
and even myriads of personalities are available for study. These 
last must somehow be considered at this level, even though the 
‘“level’’ must thus include nervous systems of all grades, some 
of which have not even developed pattern-conductions, to say 
nothing of end-reactions, sentiments, values, or selves. ‘To show 
this more adequately, the neuropsychological realm ought to be 
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exhibited not in a two-dimensional diagram as in the Table in 
Chapter I, but in a three-dimensional model with step-like col- 
umns of differing heights and differing numbers of levels at- 
tained by various species, each of which would exhibit at its 
top a level showing for that species the total structure of the 
nervous system as a whole. 

For the sake of brevity, we shall consider chiefly the human 
nervous system. With the decline of animistic views of the soul 
and spiritualistic conceptions of personality, the tendency is more 
and more to define soul and spirit as neuropsychological totali- 
ties. Sellars, as we saw, defines soul as an integrated complex 
of neuronic systems,’ and Watson defines personality as ‘‘an 
individual’s total assets, actual and potential, and liabilities, ac- 
tual and potential, on the reaction side.’’1°* For Dewey, the 
term ‘‘soul’’ denotes sensitive rich coordinated participation in 
all the situations of life. When the organization called ‘‘soul’’ 
is free-moving and operative, initial as well as terminal, it is 
spirit.t% 

The nervous system as a whole is not set in parallelism merely 
to the living organisms of the earth’s biosphere. It is the 
nervous system as activated which parallels the living organ- 
isms; the nervous system as a whole parallels both living and 
dead organisms. 

(69.10). Since the term ‘‘personality refers to a total or- 
ganization of a nervous system, its individuation will be relative 
only to (69.111) prior realms and to (69.113) cognate monads, 
unless also to their (69.112) prior neuropsychological monads. 
There seems to be a break in our parallelisms at this point. In 
the cosmogonice realm we considered the Einstein universe as a 
totality, excluding other possible optically isolated universes, 
and in the biotic we considered the earth’s biosphere as a totality, 
virtually excluding possible biospheres of other planets. Here 
in the neuropsychological realm, we consider the nervous system 
of a given individual as a totality, but can hardly exclude from 
consideration the nervous systems of other individuals. But the 
apparent failure of our parallelism may be due only to present 
limitations of our knowledge of the first two realms. Perhaps a 
significant example of (69.1131) duality emerges in any dis- 
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cussion and for us is most concrete in the actual situation of 
writer and reader at the present moment. The social theory of 
personality may indicate an individuation relative to (69.114) 
later monads, as when Dewey says that personality, selfhood, and 
subjectivity are eventual functions which emerge with com- 
plexly organized interactions, organic and social.1°° The same 
theory may be invoked to indicate that the individuation of per- 
sonalities is (69.12) convergent. 

(69.13). It is difficult to distinguish various degrees of com- 
plexity of organizations of (69.1381) relatively ‘‘simple’’ per- 
sonalities, so much turns here upon the difficult distinction be- 
tween a self and a personality, but at least by extending the 
notion of ‘‘person’’ to include legal or corporate persons,**’ we 
may see that personality admits of (69.183) complex organiza- 
tion. 

(69.14). A personality is of course profoundly modified by 
its interactions. Perhaps it may be said that interactions of 
cognitive parts of personality and parts of the universe afford 
us the sciences; interactions of parts of personality and the 
whole of the universe, in so far as this is possible, afford us 
philosophy ; interactions of more of the personality and parts of 
the universe afford us aesthetic experiences; and interactions, 
ideally, of the whole personality and the whole universe afford 
experiences of religion. 

(69.20). Hach total nervous system in its interactions is selec- 
tive, as monads are at other levels. 

(69.21). A personality as a whole may be viewed as ap- 
propriating (69.2111) portions of an environment. Something 
of this is indicated in M. C. Otto’s remark that through the work 
of Dewey we are coming to see that a self is the ‘‘integration’’ 
of organism and environment.'°* Perhaps (69.2121) non-incor- 
porative appropriations are to be seen in the institution of prop- 
erty, especially in what is called ‘‘personal property.’’ 

(69.22). It is obvious that to processes of appropriation eor- 
respond processes of rejection. 

(69.23). Appropriations and rejections are unendingly com- 
bined. As Watt says, the forces of the physical world stream 
into mind, constituting its elements and their powers of inte- 
eration, and out of it again, just in the same sense as they may 
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be said to stream up into the world of life, constituting its ele- 
ments and their powers of integration, and out of it again.’ 
There are important processes of (69.231394) interchange in 
communication between minds. 

(69.24). Within a total nervous system, constituent monads 
persist in characteristic interactions; and, since the individua- 
tion of all except marginal monads is convergent, everything that 
has been said about the interactions of prior neuropsychological 
monads might be included or repeated here. We mention, how- 
ever, only a few points. For Kempf, (69.24118) the propriocep- 
tive are is functionally a circuit, with feelings as constituents of 
it.7° This figure recalls Crile’s theory of the crossing of nerves 
in the medulla oblongata as a kind of winding of a coil to secure 
an increased magnetic field.1** Tansley, among others, has noted 
the general tendency of mind to (69.241892) compensate for ac- 
tivity in one direction by activity in another. He also says that 
there is (69.241393) a certain amount of harmony between the 
larger complexes of the normal healthy mind.?? 

(69.25). Interactions such as we have considered are enregis- 
tered in the structure of a nervous system as a whole. Nervous 
systems occur in all stages of development, but we confine our 
consideration almost entirely to man. We may (69.251) start 
with any relatively simple case and note that (69.252) function- 
ing promotes structuration. Some of the writers express this 
psychologically, and others neuropsychologically. Urban holds 
that the progressive differentiation and correlation of the content 
of consciousness by which new meanings are acquired and ap- 
preciatively distinguished must be referred for explanation to 
functional readjustments of consciousness as an organic whole." 
Lloyd Morgan says it is the self of enjoyment, not the organized 
system of this or that emotion, but the self as a whole in its 
substantial unity, which changes with this or that emotional 
mood.'44 Kempf speaks of a continuous dynamic pressure which 
determines the evolution of organic structure and of personality, 
behavior, and achievement; he says that the autonomic and 


109 H. J. Watt, op. cit., p. 232. 

110 KE, J. Kempf, op. cit., pp. 18, 277f. 

111 G, W. Crile, Jour. Comp. Psy., 1, 1921, p. 209. 
112A, G. Tansley, op. cit., pp. 73, 99. 

118 W, M. Urban, op. cit., p. 15. 

114 C, Lloyd Morgan, op. cit., p. 191. 


330 A WORLD OF EPITOMIZATIONS 


cerebro-spinal systems have moulded one another, although the 
initiative comes from the former.**® 

(69.253). Within these differentiated structures, constituent 
prior monads are often prominent. For Leighton, a self is an 
organized complex of (69.2531) physiological energies, operating 
through a determinate mechanism and, as he adds, illuminated 
by a sentient consciousness.11®° Kempf says that the sympathetic 
or unstriped part of the striped muscle cells makes a reinforcing 
affective contribution to the personality through the postural 
tonus of the striped muscles, particularly the facial and the ex- 
tensor and flexor muscles of the skeleton.*’7 According to Gid- 
dings, the personality gathers up (69.2532) the impressions of 
sense, the waves of feeling, the images, the cognitions, and the 
habits of will and blends them in a self-conscious whole.**® 
Prominent in any self even beginning to be highly organized are 
ideas.779 

(69.254). With due caution as to the use of metaphor, it may 
be noted that for Dewey the self is a (69.2451) centered or- 
ganization of energies,!*° and that Cooley says that the ‘‘I’’ is 
a peculiarly central, vigorous, and well-knit portion of the mind, 
comparable to the nucleus of a cell.124- Too much stress should 
not be laid upon this metaphor, where others are equally in place; 
for instance, Ouspensky remarks that in saying ‘‘I’’ a man means 
not the total complex of all regions but that which in a given 
moment is in the foreground of consciousness.?2? Perhaps at any 
given moment one’s attention marks a differentiation in his per- 
sonality. The differentiation of ends and means is prominent. 
According to Dewey and Tufts, the problem of morality upon 
the intellectual side is the discovery or finding of the self in the 
objective end to be striven for, and then upon the overt practical 
side it is the losing of the self in (69.2548) the endeavor for the 
practical realization.17? Kempf’s distinction between the au- 
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tonomie affective sensori-motor apparatus and the projicient sen- 
sori-motor apparatus may also afford a basis for the differentia- 
tion of ends and means."** 

(69.255). Differentiations of structure are correlated with 
specializations of function. Here, for sub-human as well as hu- 
man nervous systems, belong gross specializations of function of 
the (69.2551) autonomic system, (69.2553) cerebro-spinal sys- 
tem, and their subdivisions. Head and Riddoch have observed 
patients in whom the spinal cord had been divided; in such eases 
there is a peculiar kind of widespread reflex not detected when 
the nervous system is intact. When after the operation the later 
(epicritic) sensibility returns, the earlier (protopathic) sensibil- 
ity persists, although it undergoes certain modifications.1*° In 
the cerebro-spinal system, prominent functions are exercised by 
the cerebellum and cerebrum. According to Sherrington, disor- 
der of the cerebellum brings discord into space perceptions.?*® 
Hughlings Jackson held that the cerebellum is the center for con- 
tinuous movements, the cerebrum for changing movements.??? 
Specializations of function are indicated by the psychological 
terms perception, motor response, cognition, memory, etc., al- 
though these are not so definitely correlated with the neurologi- 
eal structures.7?° As an illustration of functional views, we may 
cite Tansley’s statement that to the ethical self the cognitive and 
rational power of the mind is an indispensable servant. This 
power is the only agent which can appreciate and sift the in- 
stinctive forces actually at work to form the conations which ap- 
pear in the mind.*”° 

(69.26). There are numerous and prominent evidences of 
regulation ; it has become a commonplace to note that the nervous 
system is a great regulative instrument for the entire organism. 
The autonomic system, for example, regulates temperature by 
regulating the amount of blood flowing through the relatively 
cool skin zone.7*° Regulation of the rest of the body by the 
cerebro-spinal system is evident in Loeb’s work on tropisms, ac- 
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cording to which light falling on one side of a symmetrically struc- 
tured animal results in uneven stimulation of the receptors of one 
side, so that the impulses which in normal locomotion flow equally 
to both sides of the body now flow more strongly toward the 
muscles which turn the head of the animal toward the source of 
light.1%+ The fact that the nervous system thus regulates the 
whole organism may be taken to imply that there are processes 
of regulation within the nervous system itself as a whole. This 
appears to be (69.261) mutual regulation; Herrick says that no 
one cortical center controls the others, but that the essence of 
cortical function is correlation, which necessarily implies cojoint 
action of many different parts.1** Other facts and views indi- 
cate (69.262) referential regulation. For instance, Kempf says 
there is a constant tendency of the autonomic system to adjust 
the larger projicient apparatus to acquire the maximum of af- 
fective gratification with a minimum of effort.1** In Hughlings 
Jackson’s theory of levels of the nervous system, the higher and 
the lower levels are in the relationship of drivers and restrain- 
ers.1°4 Sherrington says that the synaptic system coexisting 
with the diffuse in various places dominates it, controlling the 
local nervous systems of the viscera, heart, and blood-vessels of 
the higher animals.‘®® According to Head, the epicritic system 
superposes control upon the protopathie system.*%* 

Such control may also be considered from the point of view of 
values; we recall the phrase ‘‘hierarchy of values.’’ Urban 
distinguishes three groups of worth objects and levels of valua- 
tion—condition worths, personal worths, and over-individual 
worths.'**? Various doctrines of dominating selves, and of ‘‘the 
self’’ can also be accommodated here. 

The line between various types of regulation is often indis- 
tinct. And there is no question that with the two just men- 
tioned (69.263) referential regulation may be blended, as when 
the personality seeks to adjust itself to some feature of the en- 
vironment, or to another personality. 
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(69.27). That personalities exhibit accretion and depletion 
is clear enough from the data of adolescence and senility. A 
trace of a doctrine comparable to other theories of limits appears 
when Urban refers to the individuality of a person as (69.271) 
an ‘‘ideal construct,’’?** and still more when Sorley says that 
values characterize personal life as completed or perfected. It 
is possible that they may never obtain complete realization in 
time. But, even so, they will express the limit towards which 
the nature of persons points and presses. The realized system 
of values is the limit towards which personal life tends in its 
temporal course.1*® 

(69.31). New personalities appear psychologically to arise 
primarily by a kind of repeated production, but the attempt to 
share and communicate personal qualities, particularly by lan- 
guage, can not be overlooked. It is made in all education, and 
in all relationships of friendship or love. In limiting cases this 
might amount to a kind of (69.382) reproduction; it should be 
borne in mind that not even biologically is an offspring pre- 
cisely like the parent. 

(69.35). In considering (69.3851) resemblances and (69.352) 
differences at this level, which properly includes whole nervous 
systems of all the biological species, it is proper to consider 
the manifold data of comparative neurology; a complete account 
would involve a passing in review of the data considered in 
preceding chapters, both structural and functional. This would 
include the excitation ares of the sponges, the nerve-nets of the 
coelenterates, the aesophagal collar and appendages in the mol- 
luses, and the cephalic ganglia and ladder-like arrangement of 
neurons in the segmented worms. Account would also have to 
be taken of the chromaffine cells in the lowest vertebrates, and 
the irregular groups of cells or lateral chains of the developing 
sympathetic system.'*° Finally, one would consider the struc- 
tures of hind-brain and mid-brain in the fishes and reptiles, and 
the cortex or fore-brain in the amphibians and mammals. In 
the case of man, account would have to be taken not merely of 
differences in nervous systems but of differences indicated in 
the (69.3853) various doctrines of psychological types.*** 

(69.36). For serial arrangements, the whole scheme of evo- 
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lutionary neurology may be drawn upon. In human psychol- 
ogy, the beginnings of attempts to arrange personalities in series 
are afforded by the intelligence tests.1*? Shand points out that, 
as Paulhan has shown, we can classify characters according to 
the degree of their organization.** 

(69.38). Between given individuals, something suggesting 
(69.3803) transference of personality seems to be involved in 
the social process of ‘‘influence,’’ although of course it is a 
dynamic pattern, not a neuropsychological structure, which is 
transferred. 

(69.41). Personalities may disintegrate (69.412) under the 
influence of cognate monads. They may be (69.42) aggregated, 
and perhaps ?? (69.48) integrated by language into what 
Bosanquet regarded as a social mind.*** If this is the case, the 
data in the neuropsychological realm extend beyond the paral- 
lelism of the cosmogonic and biotic, and the new integrate is 
contained not in one organism but in a society of organisms 
(see Chapter XX, 8). 

When processes of (69.44) differentiation are taken into 
account, and it is remembered that the neuropsychological is 
contained in and intimately connected with the biotic as well 
as the cosmogonic, the socially developed concrete values and 
institutions can in principle be accounted for, in spite of the 
fact that our epitomizing monads and parallelisms seem so 
abstract. 
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CHAPTER XX 


SUMMARY AND CONCLUSION oF Drvision ONE: THE EPITOMIZA- 
TION HYPOTHESIS AND METAPHYSICS 


“ Life stands to matter in the same kind of relation as mind stands 
to life.” 


C. Lloyd Morgan, Emergent Evolution, 1923, p. 29. 


1. Although the foregoing treatment of the data of the natural 
and social sciences is open to some questions, 1t seems to be a 
legitimate hypothesis, first, that the monads of each level resem- 
ble one another in the characteristics of individuation, imnterac- 
tion, repeated production or reproduction, and segregation. 
This may be called epitonuzation by levels, or epitonuzation by 
analogy. Even if the resemblances are only general, appeal 
may be made to the data as presented to show that metaphysics, 
which ought to be concerned precisely with general principles, 
may seriously entertain the hypothesis. This epitomization by 
levels is, one might say, epitomization analyzed into certain of 
its components; some of the difficulties will be lessened by con- 
siderations which follow. The chief difficulty at this point 
concerns repeated production or reproduction, but this may be 
due to peculiar conditions preventing our observation of the 
data in any save the biological monads. The hypothesis of 
epitomization by levels receives some partial but important 
support from several contemporary philosophies, including 
Alexander’s and Lloyd Morgan’s emergent evolutionism,’ White- 
head’s organic mechanism,? Kohler’s Gestalten,? Boodin’s en- 
ergy patterns,* Smuts’ holism,® and Reiser’s continuants,® but 
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in this book the attempt is made to be much more specific and 
detailed. 

2. It appears, further, to be at least a legitimate hypothesis 
that, taken level by level, the cosmogonc realm exhibits sigmfi- 
cant resemblances to the biotic, and the brotic, in rts own way, 
exhibits significant resemblances to the neuropsychological. 
This may be called epitomization by parallelism. In our pres- 
entation it 1s more detailed and for our general argument 
it is more important than epitomization by analogy. That 
there are such relationships between realms as well as be- 
tween the monads of any levels taken singly appears, for in- 
stance, in the facts that (1) the monads of the initial level of 
the cosmogonic realm are not material, but lead to the material; 
those of the initial level of the biotic are not living, but lead to 
the living’; and those of the initial level of the neuropsychologi- 
eal are not nervous, but lead to the nervous—or, perhaps, not 
conscious, but lead to the conscious. Again (2), the monads 
called respectively astronomical bodies, multicellular organisms, 
and pattern-conductions exhibit complicated differentiations of 
structure and, according to our hypothesis, processes associated 
with reproduction not found elsewhere,—.e., at levels not 
numbered with 4 in the unit column,—and these facts indicate 
that these monads are parallel to one another. Once more, (8) 
the monads at the upper ends of the columns seem to exhibit 
peculiar parallelisms (see 69.113). The Einstein universe, or 
the macroscopic atom, like the earth’s population, seems to be 
self-enclosed. There is a sense, too, in which the neuropsy- 
chological individual is self-enclosed ; and even the obvious modi- 
fication of this required by facts of language, society, and a 
possible social mind or public opinion may be only the parallel 
to modifications of the view that the earth’s population is self- 
enclosed, such as are suggested by Boodin,’ and even to the 
modifications of the view that the Einstein universe is the sole 
existent universe, such as are suggested by Nordmann.® The 
hypothesis of epitomization by realms, too, is not free from 
difficulties, but receives some confirmation from the philosophy 
of emergent evolution, and may be summed up by borrowing 
Lloyd Morgan’s words that ‘‘life stands to matter in the same 
kind of relation as mind stands to life.’’® Lovejoy has aptly 
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characterized the epitomization hypothesis as a view ‘‘that there 
is a certain orthogenesis in the universe.’’?° The hypothesis 
may be diagrammed in the familiar pyramidal scheme, but this 
will need considerable revision in the light of other relationships 
which the three realms seem undeniably to exhibit. 

3. Some relationships between realms have been noted in our 
detailed study of the data. Thus in the monads of later levels, 
constituent monads of prior realms persist in their characteristic 
interactions (see 00.24, 41.24, etce.). This is easy to see as a 
relationship between realms, for instance, in the chemical ac- 
tion of molecules within cells or the physiological action of 
nerve-cells in a reflex are. Monads of any given realm contain 
(00.253) monads of prior realms incorporated in their struc- 
tures. Again, monads sometimes tend to disintegrate into mon- 
ads of a prior realm (see 00.413, 53.418, etce.). This affords a 
parallelism between the general death of an organism in the 
earth and the discharge of a reflex in an organism. 

4. Between the three realms there are important relationships 
of container and contained. Something of this is suggested by 
Dewey when he says that ‘‘to see the organism in nature, the 
nervous system in the organism, the brain in the nervous system, 
the cortex in the brain, is the answer to the problems which 
haunt philosophy.’’14_ According to our view, the cosmogonic 
contains the biotic; we, for example, live not on the earth, but 
in it, beneath its atmosphere. The biotic, at least for ordinary 
views, contains the neuropsychological—that is to say, experi- 
ence, although occasioned by objects outside, after all ‘‘takes 
place’? in our nervous systems, and processes of stimulation 
and responses are processes occurring within our bodies. This 
relationship of container and contained may be rendered more 
precise; the earth’s biosphere is contained in one astronomi- 
eal body, the earth, and any individual nervous system is con- 
tained in one multicellular organism. If, however, there are 
more biospheres, they may be regarded as contained in larger 
astronomical systems, just as the nervous systems functioning 
as a social mind may be regarded as contained within a society. 
It will be noted presently that the relationship of container and 
contained can be shown better by a diagram of concentric 
circles than by a pyramidal diagram. 

10 A, O. Lovejoy, conversation. 

11 J. Dewey, Experience and Nature, p. 295. 
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5. Between the realms, also, there are relationships which may 
be described in terms of cumulative coordination. They appear 
to involve a certain progressive concentration, relationships 
which we may call refraction and retroaction, and some dif- 
ferences of relative accessibility. Thus by reason of the rate 
and progressive complexifying of structures and the intricacy 
of the metabolic processes, each living organism effects a kind 
of concentration and coordination of the structures present and 
the processes going on in the earth and in other organisms 
around it. The process is seen in its most intricate form in 
human civilization, which lays the whole world under tribute 
for its supplies. The living organisms are so individuated that 
in general when viewed at this level the process of coordination 
seems diversified and scattered; but in a certain large sense all 
the organisms may be said to be involved in the earth’s equi- 
librium conditions,*? although the organisms in complicating * 
these conditions doubtless register them rather than modify them 
to any important degree. Again, by reason of the rate and in- 
tricacy of the neuropsychological processes, each nervous reflex 
or pattern effects a concentration or coordination of structures 
and processes in the environment, the organism, and the other 
reflexes or patterns. Here again, if the refiexes are taken one 
by one, the coordination appears to be diversified and scattered ; 
but at the same time the nervous system as a whole coordinates 
the structures and processes mentioned, and, according to all 
views but that of extreme fatalism, not merely registers but 
also modifies the equilibrium of the organism and the events 
in the environment. Such a view receives some corroboration 
in the statement of Watt, that the forces of the physical world 
stream into mind, constituting its elements and their powers 
of integration, and out of it again, just as in the same sense they 
may be said to stream into the world of life, constituting its 
elements and their powers of integration, and.out of it again.** 
Dewey ** and Pupin?* have expressed views assimilable to this. 

The whole view of epitomization, with attendant ‘‘cumulative 

12 See S. Meunier, Les harmonies de l’évolution terrestre, 1908, p. 70. 

18 cf. L. J. Henderson, Fitness of the Environment, pp. 153, 155f. 

14H. J. Watt, Sensory Basis and Structure of Knowledge, p. 232. 

15 J, Dewey, Monist, 38, 1928, p. 162. 

16M, I. Pupin, The New Reformation, 1928, pp. 186, 2267. J. 8. Hal- 
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coordination,’’ may be taken as a way of supplying detail to 
the statement of Lloyd Morgan above quoted. Matter and life 
and mind each exhibit a series of levels with analogous struc- 
tures and processes; the three realms are in a transitive rela- 
tionship of container and contained; life is a cumulative co- 
ordination of matter, and mind is a cumulative coordination of 
matter and life. The arrangement in parallel columns, espe- 
cially when the columns are portrayed as equal in length, tends 
to obscure this cumulative coordination, just as it tends to dis- 
tort also the concreteness of mind in society and of social 
development as conditioned by intelligence. 

It may be noted that in such a view the data of epistemology 
find place as one process among others going on in and between 
the realms of metaphysics. As Dewey says, a naturalistic meta- 
physics is bound to consider reflection as itself a natural event, 
occurring within nature because of the traits of the latter.’ 
Boodin holds that the only possible sufficient reason for the 
evolution of the function of thinking is the interaction of the 
geological process, including the stream of life, with a cosmic 
constitution which has a logical pattern.** According to the 
hypothesis of epitomization, mind, considered as nervous system 
at work, occupies a position with reference to the other realms 
which is not merely apical but, so to speak, concentric. It may 
be diagrammed not so well in the pyramidal or conical scheme, 
as in a scheme of concentric circles; these circles may be re- 
garded as portraying the various strata of the cone as seen from 
directly above. 

6. From the relationships of container and contained and 
cumulative coordination it follows that we, as monads in *‘ epito- 
mizing interaction’? with the environment in neuropsychologi- 
cal ways, encounter the cosmogonic only as t 1s, so to speak, 
refracted through the biotic. We do not know what it may be 
‘‘in and by itself,’’ and to discuss the question is to fall again 
into the sunken road of the Lockian assumption. The neuro- 
psychological and cosmogonic interact only through the inter- 
vening biotic, as any consideration of sense organs and muscular 
or glandular responses shows. Whatever we get of the cosmo- 
gonic, is, we might say, thus refracted through the biotic. This 
statement, which may be referred to as the relationship of 
‘‘refraction,’’ leads most naturally to a representative theory 


17 J. Dewey, Experience and Nature, p. 68. 
18 J, E, Boodin, Cosmic Evolution, p. 92. 
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of perception, although this is not absolutely necessary to the 
argument. Furthermore, the later realms are, we might say, 
retroactive upon the earlier. This has already been noted as a 
process of (00.2111, 00.2121) interaction with monads of prior 
realms. Lloyd Morgan expresses this in his theory of depen- 
dence, to the effect that after the later levels have emerged, the 
prior levels are modified by them and depend on them.?® The 
environment is different by reason of the action of the living 
organisms within it, and the physiological organism is increas- 
ingly different by reason of the action of the nervous system 
within it. 

This retroaction is, however, sharply conditioned by another 
relationship between realms which appears when we consider 
the position, or, as one might say, the predicament of the neuro- 
psychological at the center of the concentric series. We may 
call it the relationship of relative accessibilities. There is a 
sense in which the cosmogonic realm is more accessible to our 
understanding than the biological, and much more than the 
neuropsychological. It is in the sense of such precise analysis 
as characterizes physics and chemistry. But there is another 
sense in which the cosmogonic is less accessible than the biologi- 
eal and much less than the neuropsychological. This is reflected 
in the pragmatists’ diffident treatment of astronomy; after all, 
we can not loose the bands of Orion. The cosmogonic, com- 
pared to the biological, is more accessible to analysis but on 
the whole less accessible to control. The consequence of all this 
can be stated as a ‘‘predicament:’’ mind ean interact only from 
its own point of view, and its interaction is characteristic and 
unique. Mind stands at the culmination of the processes of 
coordination which run through the cosmogonic, biotic, and 
neuropsychological realms. There is genetic continuity along 
with the generic discontinuity which gives us our ‘‘felt unique- 
ness’’ (see 60.00 (5), etc.). 

7. When the data of the natural and social sciences are ex- 
hibited in epitonizing relationships, there appears to be a way 
of adjusting the rival theories of mechanism and vitalism in 
biology and of behaviorism and animism in psychology. It be- 
comes clear in view of the process of integration that there is 
a difference between origins and outcomes; indeed, if there is 
not, evolutionism as a metaphysical principle ceases to be ap- 


190, L. Morgan, Emergent Evolution, p. 15ff. 
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plicable in the world. But when the epitomizations in nature 
are taken into account, evolution is seen to be more than a mere 
wandering afield from origins, indefinite as to direction or out- 
come. It implies a structure, or structure of structures, and 
it must be studied not merely in terms of monads, but in terms 
of realms. When whole realms of data are considered, and con- 
sidered as wholes, one is bound to see differences between what 
goes on in the stars, the living organisms, and the nervous sys- 
tems. The differences are not those of elements, but of scale, 
of intricacy, of cumulative coordination; in other words, the 
differences are not analytical, but synthetic. The indications 
multiply that, even if no one can disprove the interventionist 
vitalism of Driesch,?° or the interventionist animism of Mc- 
Dougall,”? still biology and psychology will be able to proceed 
without them and will do so, if for no other reason, for the sake 
of economy of explanation. There seem to be answers for these 
interventionist theories in the organismic or synthetic vitalism 
of J. A. Thomson”? and J. S. Haldane ** and what might be 
called the synthetic animism of some writers who develop or- 
ganic or quasi-organic theories of mind. But if integration or 
creative synthesis is admitted as a real characteristic of the 
world, these organic views of life and mind seem to merge with 
mechanism and behaviorism, or else a recognizable difference 
between the two sets of opposed views appears only if mechanism 
and behaviorism are rendered into reductive theories so extreme 
that no one could hold them. And still, taking the whole range 
of data, there are differences between matter and life and mind. 
Since the differences appear best when the data are taken over 
their whole range, it appears that the hypothesis of epitomiza- 
tion, while avoiding interventionist views and linking synthetic 
views with their supposed opposites, really points to a synoptic 
vitalism and a synoptic aninusm, and sees in the synopsis the 
way of arriving at the differences which the traditional vitalisms 
and animisms have recognized but misconstrued. 

8. The hypothesis as developed may seem artificial and ab- 
stract, and out of touch with the social sciences. In order to 

20H. Driesch, The Science and Philosophy of the Organism, Wola Le p. 
143. 

21 W. McDougall, Body and Mind, esp. Chap. 26. 

22 J. A. Thomson, System of Animate Nature, Vol. 1, p. 102. 


28 See J. S. Haldane, Mechanism, Life, and Personality, 1923, pp. 17ff., 
78f., 83. 
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accommodate their rich concrete data, Sellars makes society 
what we should call a realm above the neuropsychological.?* It 
is possible that an integration of individual personalities yields 
a social mind of a higher level (see 69.43), or that a differentia- 
tion within individual personalities initiates a social realm (see 
64.2534). For the epitomization hypothesis, however, the ques- 
tion of analogies and parallels would be difficult, and the most 
adequate treatment now seems to be to regard the processes of 
mind in society as differentiations of neuropsychological monads, 
retroactive in the biotic realm (see 69.44). Social institutions 
and procedures are then differentiations within the later biotic 
monads, which after all provide a framework for much social 
philosophy, allowing rearrangements of individuals, of environ- 
mental objects, and of ideas, in accordance with the actions of 
minds. In such actions the minds of leaders may be of par- 
ticular importance. 

9. The principle of realms, as indicated in the data of matter, 
life, and mind, according to our view, can at present hardly be 
profitably extended beyond mind to realms later or higher. 
Such extension is not to be branded as impossible, but at present 
appears to be unprofitable, and although it can not be too strongly 
emphasized that the universe is not finished, it is doubtless 
gratuitous for us to anticipate the process. A few remarks on 
this problem were offered above (see 64.2534). It is now more 
important to remember that the great data of mathematics and 
logic are inadequately treated in our argument thus far. This 
defect is, as we shall see, rather serious and formidable; and, 
until the attempt has been made to remedy it, it is advisable to 
postpone the drawing of any more general conclusions about the 
universe. We shall now attempt a discussion of logic and 
mathematics in Division Two, returning to our general con- 
siderations in the concluding chapter. 


24See R. W. Sellars, Principles and Problems of Philosophy, 1926, pp. 
34377. 
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Data oF Logic, NUMBER, AND GEOMETRY-KINEMATICS ARRANGED 
IN ACCORDANCE WITH THE HYPOTHESIS OF EPITOMIZATION 


“ My object in this memoir is to separate the necessary matter of 
exact or mathematical thought from the accidental clothing—geo- 
metrical, algebraical, logical, etc——in which it is usually presented for 
consideration.” 


A. B. Kempe, Royal Society of London, Philosophical 
Transactions, 177, 1887, p. 2. 
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CHAPTER XXI 


INTRODUCTION TO Division Two: PROPOSED EXTENSION OF EPIT- 
OMIZATION HypotHsEsis TO REALMS or Logic, NUMBER, 
AND GEOMETRY-KINEMATICS 


“. ,. that climax of rationalist aspiration in which even the arbi- 
trary and existential constants of physics would be reduced to a 
crystalline precipitate of purely subsistential mathematical relations.” 


W. P. Montague, Philosophical Review, 33, 1924, p. 169. 


1. A serious metaphysical defect of the hypothesis of epit- 
omization as developed up to this point 1s its inadequate provision 
for the data of logic and mathematics. Thus far we have given 
little consideration to certain tendencies in contemporary thought 
which, somewhat like the perturbations of Uranus for the astrono- 
mers years ago, may lead us to look beyond the more easily 
recognized features of the cosmogonic, biotic, and neuropsycho- 
logical realms for other factors working upon them and within 
them. Let us indicate briefly four such tendencies. 

(1) In the first place, there is the realist doctrine that logical 
and mathematical forms are in some sense independent of our 
minds. This has become familiar in connection with theories of 
‘“essences,’’ and ‘‘subsistents.’’? There are, of course, argu- 
ments on the other side, in terms of Kantian categories or prag- 
matic conveniences. We, as persons, make use of these logical 
and mathematical forms; they are inconceivable except as some- 
how conceived by minds, and any one may argue, as Lewis does, 
that mind confers upon them their a priori character.2? But 
while, strictly speaking, there are no ‘‘proofs of realism’’ any 
more than of idealism, we are living in a time of scientific dis- 
covery which is imposing a greater and greater stress upon 
theories which would keep the center of gravity in metaphysics 
where it was in the days of Kant and Fichte. The universe as 

1cf. G. Santayana, ‘‘ Three Proofs of Realism,’’ in D. Drake, ed., Essays 
in Critical Realism, 1921, pp. 181f.; The Realm of Essence, 1927, pp. 22ff.; 
W. P. Montague, ‘‘A Realistic Theory of Truth and Error,’’ in The New 


Realism, 1912, p. 253. 
2C. I. Lewis, Mind and the World-Order, 1929, pp. 237-249. 
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revealed in modern days and ways is so overwhelming that mind 
needs some other title than that of self-appointed legislator for it. 
Mind must register before it can regulate. 

The idealist regards the logical forms as so ingrained in the 
nature of mind that they are ineradicable. The realist regards 
them as so characteristic of the nature of the world that they 
are inevitable. On either view they exhibit a remarkable per- 
sistence. We may emancipate logic from experience, and make it 
theoretical and formal; we may emancipate it from syntax, and 
make it mathematical and symbolic; we may emancipate it from 
existence, and make it contemplative or arbitrary—and still we 
have, either ‘‘in’’ our minds or ‘‘on’’ them, the logical forms. 
Lewis says that the framework of logical relations in terms of 
which theorems are stated must be distinguished from the con- 
tent of the system, even when the content is logic. The classical 
‘“two-valued algebra’’ took the laws of the logical relations of 
propositions for granted in order to prove them, but Whitehead 
and Russell removed this defect; and yet the Principia Mathe- 
matica includes among its ‘‘primitive ideas’’ elementary proposi- 
tions, negation, and ‘‘equivalent by definition.’?* We can not 
oet away from the framework. There is something about it like 
writing a book to deny the efficacy of writing; the logical forms 
are presupposed in discussions about them and in explanations of 
them, even in attempts to explain them away. If such attempts 
are made, logic seems to dissipate itself in an infinite regress 
of propositions about propositions, in which after a while the 
mind loses all interest if not all proprietorship. 

But just in proportion as the regress becomes empty of ¢con- 
tent, it seems to exhibit more and more clearly the outlines of 
logical form or structure.* When Kant discovered anything 
which he took to be ineradicable he put it down as indicating the 
primacy of mind and as belonging to the prolegomena of any fu- 
ture metaphysics; but that was before the laboratories and the 
observatories had spread so widely the suspicion that mind is a 
late comer into the universe of matter and life, and that meta- 
physics may suffer from too much prolegomena, particularly of 
the epistemological variety. 

Accepting the realist view as on the whole more adequate in 
such an overwhelming universe, we regard the logical forms as 

3C. I. Lewis, A Survey of Symbolic Logic, 1918, pp. 225, 281f.; ef. pp. 
293, n. 5, 324f'., 360, n. 17. 

4cf. B. Russell, Analysis of Matter, p. 289. 
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essentially independent of our minds. This is an assumption, of 
course, but the opposing view is a presumption. But if one ac- 
cepts the realist view, there is the further problem of assigning 
to the logical forms a status which, as regards the other data, 
will be consistent and orderly, and that status, the more one 
studies the problem, seems independent not merely of mind, but 
of life and matter as well. Woodbridge maintains that ideas, 
because they are acquired and clarified by experience, by the con- 
tacts of our bodies with the rest of the world, and because they 
are conveyed from one person to another, are, in spite of their 
immateriality, not some peculiar idiosyncracy in ourselves, but 
genuine discoveries and genuine constituents of the system of 
things, showing that that system is also a realm of being which 
can be investigated and rendered intelligible in discourse.> The 
possibility begins to open that the logical forms themselves be- 
long in a realm, perhaps comparable to the realms of matter, life, 
and mind, although at least as different from any of these as 
these are different from one another. 

With the mathematical relationships, the case is somewhat dif- 
ferent. In algebra and geometry, the postulates and procedures 
may vary, and can be analyzed to the point where it is seen that 
they do not presuppose prior mathematical postulates, but only 
prior logical postulates. A system of geometry, for example, 
uses its postulates as premises only; it gets its rules of inference 
from logic. It has often been remarked that, given a set of 
postulates and procedures appropriate to them, the mathematical 
relationships also seem to confront us with a sheer inevitableness, 
whatever be the choices which we may seem to exercise with re- 
gard to them. The intuitionism of Poincaré* and Brouwer ® 
shows that it is still possible to interpret mathematics in a modi- 
fied Kantian fashion; but, according to the view here taken, the 
way should be open for other interpretations with less reliance 
upon epistemology. 

(2) Taking this view, that the forms of logic and of mathe- 
matics are in the last analysis essential rather than experimental, 
one is over the threshold of the domain of universals, essences, 

5F. J. E. Woodbridge, The Realm of Mind, 1926, pp. 81f. 

6 C. I. Lewis, op. cit., p. 324. 

7 cf. B. Russell in H. Poincaré, Science and Method, transl. F. Mait- 
land, 1914, p. 8. 


8 See L. E. J. Brouwer, ‘‘Intuitionism and Formalism,’’? Am. Math. Soc., 
Bulletin, 20, 1914, p. 85. 
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subsistents, and eternal objects® which, ever since Plato, have 
been thought necessary either to ‘‘save the appearances’’ or to 
supplant them. And the question arises, If we admit that the 
logical and mathematical relationships are independently real, 
and that they somehow hold between independent entities, must 
we not also admit that all the so-called essences and subsistents 
are just as real? Is not a color just as real as a logical form, or 
a tone as a mathematical relationship? Or, must we not admit 
that, as Woodbridge says, when we discover ourselves to inhabit 
a realm of being which has a logical structure, this is the dis- 
covery of the essential nature of mind??° These questions must 
be left for a while, to be taken up later (see Chapter XXXIV, 8). 
But anyone seeking possible extensions of the results of scien- 
tific observations and experiments must at least be impressed by 
these long sustained realist traditions. They seem to provide at 
least an argument that there may be realms independent of us 
which are not exhausted in our empirical sciences, although on 
the question just what these realms are, or in what they consist, 
the hypothesis we are about to develop will differ from some of 
the current theories. 

(3) Onee more, in casting about for suggestions, we may 
well be impressed with certain great steps which in recent years 
have been made toward the unification of some of our more 
abstract theories about the world. There seem to be a number 
of what Lovejoy might call ‘‘reductive’’** theories comparable 
to behaviorism, with its attempted reduction of psychology to 
physiology, and to mechanism, with its attempted reduction of 
biology to physics and chemistry. Take, for instance, the so- 
called ‘‘geometrization of physies,’’ with its relativistic interpre- 
tation of what used to be called a physical force as the discrep- 
aney which arises when the processes of nature are referred to 
one of our unsuitable, e.g., Newtonian, frames of reference,'” 
and of matter as a disturbance in a gravitational field.13 We 
might think also of the ‘‘logicizing of physics,’’ whereby a piece 
of matter is defined as the laws, symmetrical about centers, gov- 

9A, N. Whitehead, Science and the Modern World, 1926, p. 228. 

10 F., J. E. Woodbridge, op. cit., p. 2. 

11 A. O. Lovejoy, ‘‘The Meanings of Emergence and Its Modes,’’ in 
Sixth International Congress of Philosophy, Proceedings, 1927, pp. 29f. 

izcf. A. S. Eddington, The Mathematical Theory of Relativity, 1923, 
pp. 37f.; C. D. Broad, Scientific Thought, pp. 1727. 

13 A, §. Eddington, Space, Time, and Gravitation, 1921, p. 190. 
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erning events in empty space.1* Again, if we analyze space-time 
into what were once regarded as its ultimate elements, point-in- 
stants, we are confronted by Whitehead’s definition of a point of 
timeless space as a class of event-particles, and of an event-par- 
ticle or point of instantaneous space as a group of abstractive 
sets,-° as well as by Broad’s definition of points as logical sums 
of classes of series of volumes.‘® Once more, a reduction from 
the field or terms of one discipline to those of another is evident 
in some of the recent work on the foundations of algebra and 
arithmetic. When the number of a class is defined as the class 
of all classes similar to a given class,’ for instance, we have a 
plain indication that numbers may, if one analyzes them far 
enough, be reduced to logical entities. 

(4) In more familiar cases of reductive theories, such as be- 
havioristie psychology or mechanistic biology, certain synthetic 
or organismic theories—creative synthesis, emergence, Gestalt, 
holism, and the like—have been brought up to offset the re- 
ductive trends. Throughout Division One of this book we 
have maintained by evidence and inference that such views, 
which we summed up in the monadic characteristic ‘‘segrega- 
tion,’’ are descriptions of what goes on in the realms of matter, 
life, and mind, and that they account for the transitions between 
these realms. And the question arises, Why may we not treat 
the less familiar reductive theories as we do behaviorism and 
mechanistic biology? Why not consider the possibility of re- 
versing the reductive order and attempting an interpretation in 
terms of creative synthesis there also? And all these points now 
taken together lead us to a hypothesis of other realms besides 
those already considered. 

2. The hypothesis which, in the hope of discussion, is here 
suggested, is that the logical entities, numbers, and the entities 
or events of geometry-kinematics, respectively, constitute realms 
prior to and leading in orderly fashion up to matter, life, and 
mind; and that logic, number, and geometry-kinematics are re- 
lated to one another as other realms are related to one another. 
In order to develop the hypothesis, we look once more at some 
facts and assumptions concerning matter, life, and mind, and 
seek to discern there the criteria of realms. We may say that, 

14B, Russell, Analysis of Matter, pp. 324f. 

15 A, N. Whitehead, The Concept of Nature, 1920, p. 86. 


16 C, D. Broad, op. cit., p. 51. 
17 B, Russell, The Principles of Mathematics, Vol. 1, 1903, p. 115. 
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first, a realm contains an orderly series of what we have called 
levels. Second, a given realm in the course of its orderly proc- 
esses throughout its levels somewhere comes to include at least 
one monad which serves as a milieu for the organization of new 
monads belonging to the initial level of a new realm epito- 
mizing the first, but developing in ways that are parallel to it. 
Examples are, presumably, in the earth, primitive organic com- 
pounds as the beginning of the biotic realm, and, in a sponge, 
excitation arcs with neuroid conduction as the beginning of neu- 
ropsychology. Third, the monads of various levels in all realms 
exhibit characteristic individuations, appropriations and rejec- 
tions, productions or reproductions, and segregations into monads 
of different levels. Fourth, at least through all the realms of 
matter, life, and mind there seems to run a process which we 
called cumulative coordination. There are some indications that 
the data of logic, number, and geometry-kinematics conform to 
these criteria of realms. We shall attempt in this chapter to 
indicate the view in general and in subsequent chapters to de- 
velop the details. We shall call the three realms first considered 
the ‘‘existent’’ and the three last-mentioned the ‘‘subsistent’’ 
realms, without attempting to define these terms otherwise than 
by this enumeration and the detailed description which follows. 

3. The data of logic, number, and geometry-kinematics show 
indications of satisfying the first criterion of realms in that they 
seem to exhibit orderly successions of levels. When we consider 
the data of logic in this respect, there rises as a candidate for 
recognition the metaphor of ‘‘atomic’’ and ‘‘molecular’’ proposi- 
tions,’® which Ogden and Richards have extended, as one might 
say, downward by speaking of ‘‘electronic’’ references.1® Hus- 
serl’s ‘‘regions’’ ?° could, if freed from subjectivism, suggest ex- 
tensions in the other direction; the same is notably true of a 
‘‘universe of discourse,’’ or, still more, of ‘‘universes of dis- 
course.’’ Of course the immediate criticism would be that these 
are only metaphors; but it seems to be at least an open question, 
and one of no small importance, whether we have not underesti- 
mated the significance of some of our metaphors, and whether 

18 B. Russell, Our Knowledge of the External World . . ., 1915, pp. 527; 
cf. Principia Mathematica, 1925, Vol. 1, pp. xvff. 

190. K. Ogden and I. A. Richards, The Meaning of Meaning, 1923, p. 
163. 
20K. Husserl, [deen zu einer reinen Phdnomenologie .. ., 1922, pp. 30f., 
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after all the metaphorical may not afford us some of our most 
fruitful insights into the metaphysical. For any one who re- 
fuses to deal with such doubtful matters as metaphors, another 
answer appears in a consideration of the doctrine of logical 
types. Whatever else may be said of this doctrine, it shows that 
a given range of propositions can be treated in propositions 
which can not belong to the first range, but which have a range 
of their own, and that these latter propositions can be treated 
in still other propositions belonging to still another type, and so 
on. And some of the contradictions which have been encountered 
in dealing with the doctrine of types may be resolved precisely 
by the recognition that propositions belong to different levels, 
or at least sub-levels, of inclusiveness and range.** Statements 
about the statements made by Epimenides, for example, belong 
in a different range than statements made by Epimenides. In 
arithmetic and algebra, the series of powers of a number, as 
found in equations of higher and higher degree, furnishes dif- 
ferences of level. In geometry, such differences are furnished 
by figures of successively higher numbers of dimensions. 

4. The data of logic, number, and geometry-kinematics show 
some indications of satisfying the second criterion of realms, in 
that a realm with its processes and levels may include at least 
one monad which serves as a milieu for the organization of new 
monads belonging to the initial level of anew realm. Here again 
it appears that logic may exhibit the requisite properties, since 
terms are included in classes, some of these classes in classes of 
classes, and some of these latter in classes which are similar to a 
given class—that is, in numbers. Numbers, with the properties 
peculiar to them, thus are built up out of, or appear in the midst 
of series of classes. 

Within their own realm, numbers rise in series of successive 
powers, which we took to be analogous to successive levels. We 
come now to a question of considerable difficulty in connection 
with the hypothesis—the question, namely, whether we may 
think of the series of powers of a number as giving rise to point- 
instants, important members of the realm of geometry-kinematics. 
Here we can not do more than suggest the problem, leaving the 
detailed discussion until later (see 30.00, (8)). As we shall see, 
there are several possible answers, and one or another, or per- 
haps all of them may serve for the transition. 


21 cf. B. Russell, Introduction to Mathematical Philosophy, 1919, pp. 188/77. 
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The question whether, after a certain number of spatio-tem- 
poral dimensions have, as we might say, been generated, one can 
derive from spatio-temporal configurations the realm of matter 
has been in debate in recent mathematical physics. Here again, 
we find a reductive procedure, where, according to Eddington, 
Einstein in some earlier work approached the mathematical ex- 
pressions from the physical side, but Eddington approaches them 
from the deductive side, ‘‘endeavoring to show as completely as 
possible that they must exist for almost any kind of underlying 
structure.’’22 But if the physical world can be analyzed re- 
ductively into relation-structures in space-time, why may we not 
look, here as elsewhere, for a reverse synthetic process, in which 
matter, or, perhaps lines of force, appear when spatio-temporal 
frames of reference are superposed? And why may we not re- 
gard the discrepancies between the frames which we eall 
‘‘forces,’’ or the field conditions which we call ‘‘mass,’’ as emer- 
gents due to the new ‘‘togetherness’’ of the frames? Such a 
view is no substitute for equations which have not yet been dis- 
covered, but at any rate it does not hinder the search. The 
question at issue is not quite that which Bertrand Russell dis- 
cusses when he considers whether matter is an emergent,?* be- 
cause, according to our view, matter is assumed to be reducible 
to monads of prior realms and still to have originated from them 
(see 40.00). 

Dd. The question whether the data of logic, number, and geom- 
etry-kinematics satisfy the third criterion of realms, by exhibit- 
ing the four monadic characteristics, must be worked out tn 
detail in succeeding chapters.. With regard to the third criterion, 
many questions arise which can not be treated in advance of the 
detailed discussion. The chief of all must be whether any proc- 
esses such as interaction, reproduction, and segregation are, so 
to speak, indigenous to or characteristic of the ‘‘purely subsist- 
ent’’ realms of logic, number, and geometry-kinematics. Against 
this possibility, there is the fact that the logical and mathemati- 
cal ‘‘operations’’ appear always to be the work of caleulators or 
manipulators, and the even more formidable fact that ever since 
Plato, if not Socrates, it has been thought that the ‘‘ideas’’ are 
timeless and changeless. To these objections the detailed dis- 
cussion must be the best answer; we may say here only that the 


22 A, §. Eddington, Mathematical Theory of Relativity, p. 224. 
23 B. Russell, Philosophy, 1927, pp. 282-4. 
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hypothesis of epitomization with its provision for relationships 
between realms accommodates the calculations and manipulations 
of data by minds, as well as ‘‘pure’’ processes among the sub- 
sistents independent of minds (see Chapter XXXIV, 8). In 
general, it does not appear that there is any reason except tradi- 
tionalism for maintaining that the logical and mathematical 
realms are changeless; all that is necessary to secure the con- 
stancy and even the fixity of our meanings is that there shall be 
certain constant relationships between entities which otherwise 
may be in process of change. And if there are no processes, or 
no interactions which at least to us appear as processes, in the 
subsistent, it is difficult to see any adequate metaphysical ground 
for processes in the existent, upon which so much importance is 
_ placed in an age which emphasizes the dynamic rather than the 
static. And if there are no processes in the subsistent it is diffi- 
cult to see how the existent can be derived from it; we are left 
with our fate and our existence, as for Santayana, a tragic 
mystery,”* with no logical reason why anything should exist at 
all. 

Among the questions of detail which arise when we attempt 
to detect the monadic characteristics in the realm of logic, is 
that of the initial level, which in this treatment is taken to be 
that of (pure) possibilities. There is also the problem of the 
relationships of subject and predicate, which brings us to the 
bristling cirque of questions associated with intensional logic 
and the connections between logic and grammar. In the treat- 
ment which follows, these are dealt with as monadic interac- 
tions, and the attempt is made to adjust all this to the exten- 
sional logic of classes. Affirmative predication appears as the 
appropriation of a relation or attribute by a subject-term (see 
13.2112), and negative predication appears as a rejection (see 
13.221)—each with consequent modifications (see 13.252) in 
the structure of a subject-term, or of the aggregates of terms 
which constitute classes. Algebraic equations, such asa+ b=<c, 
are similarly interpreted as processes wherein a part of the left- 
hand member, by the operation of appropriation (see 23.2113) 
indicated in the plus sign and what follows it in that member, 
undergoes the change registered in the right-hand member (see 
23.252). The motions or manipulations of figures in geometry 
can also be considered in this way (see 33.21 etc.). 


24G. Santayana, Realm of Essence, p. 167. 
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The third monadiec characteristic, reproduction, is detected in 
a long detailed treatment of the logical processes of inference 
(see 13.33, ete.), and to this are set parallel the arithmetical 
processes of division and extraction of roots (see 23.33, ete.), as 
well as certain geometrical processes of bisection, generation of 
angles, ete. (see 33.33, ete.). All this doubtless seems quite fan- 
tastic; it ean be defended only with reference to the detailed 
treatment. The fourth monadic characteristic, segregation, is 
detected in various logical processes, especially in the properties 
of generalizations (see 13.48), and universes of discourse (see 
15.43). In the numerical realm, segregation appears in various 
powers of numbers (see 23.48, ete.), and in the geometrical 
realm, in figures of different numbers of dimensions (see 33.43). 

6. The question whether there is any cumulative coordination 
running through the data of logic, number, and geometry-kine- 
matics must also be left for examination after the more detailed 
treatment which follows. Whatever the answer may be (see 
Chapter XXXIV, 5), it must take the cosmogoniec, biotic, and 
neuropsychological realms into consideration, and seek to ex- 
tend or extrapolate to the other realms the relationships de- 
tected between these three. We said that, as between these 
three, the cumulative coordination appears in progressive con- 
centrations, in regulations, ‘‘refractions,’’ and in differences of 
accessibility. In the course of our discussion, we shall try to 
make out a plausible case for the statement that the number 
system or realm of number, since it applies only to a selection 
among the logical classes, but a selection remaining relative to 
classes not thus selected, is a more intricate correlation, and thus 
a cumulative coordination of those classes, and that the realm of 
geometry-kinematics, in turn, since it is built up of point-in- 
stants here taken to be a selection among series of powers of 
numbers, is a still more intricate correlation and thus a cumu- 
lative coordination of both numbers and classes. Again, we shall 
try to make it plausible that the structures of the cosmogonic 
realm, representing discrepancies between certain selected super- 
posed figures or frames of reference in space-time, are after all 
coordinations of those figures, and that such coordination is 
eumulative. 

The relationship which we called ‘‘refraction’’ seems to be 
clearly demanded if we are to have any metaphysical ground for 
the fact, usually taken for granted, that figures drawn with 
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chalk on blackboards or with ink on paper apply at all to the 
problems of ‘‘pure’’ geometry. According to our hypothesis, the 
figures on blackboard or paper for us represent the purely geo- 
metrical as refracted through the cosmogonie and, of course, the 
biotic, into the neuropsychological realm. In other words, 
what we see of the purely geometric-kinematical has to be seen 
through the medium of the cosmogonic, with its chalk and ink 
and paper. It appears that somewhat similarly the numerical 
is refracted through the geometrical; this is evident in a simple 
ease in the columnar arrangements of figures, and more pro- 
foundly, for instance, in the properties of series or of matrices. 
Even the temporal properties of numerical series have some- 
times been emphasized.2> That the numerical is refracted 
through the cosmogonie appears all the way from the examples 
in the schoolboy’s arithmetic to the most difficult mathematical 
memoirs; it has even been held that symbols on the paper are 
the real entities with which mathematics is concerned.”® More- 
over, the logical is refracted through the numerical, as is evi- 
dent from the fact that the data of logic present themselves 
to us in classes, and the data of grammar in singulars and 
plurals. The relationship of retroaction of one realm upon prior 
realms is not so clear in the subsistent as in the existent; but this 
may be due to differences of relative accessibility as regards 
analysis and control. 

In passing from the cosmogonic to the geometrical, we should 
expect to find a still higher degree of precision in analysis; and 
it is then not surprising that geometry surpasses physics in this 
respect. The work of Weierstrass and Cantor 7° may be inter- 
preted as showing that arithmetic surpasses geometry here, and, 
if infinitesimals are regarded as results of logical analysis, 
Cantor’s work may be taken to show that logic surpasses the 
arithmetic of real numbers.?’ As regards decrease of control, it 
is obscured by the wide range of choice of postulates afforded by 
geometry-kinematics. It seems as if we thereby exercised some 
control over our geometry. But according to the realist view, 
these postulates are only our selections, and we do not modify 
the relationships of actual figures in space-time even as much as 
we do actual objects in the cosmogonic realm. The postulates 


25 cf. the views of Brouwer and Lewis, in M. R. Cohen, Reason and Na- 
ture, 1931, pp. 184, 191. 

26 cf., A. Pringsheim, in Enzyk. d. Math. Wiss., I, 1, 1898-1904, pp. 54f. 

27 cf. ibid., p. 70. 
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of number systems may exhibit still greater variety than those 
of geometry-kinematices; but there is no reason to suppose that 
our control is more direct or marked. According to Bridgman, 
even a mathematics derived from operational concepts exhibits 
a precise quality which none of our information about nature 
ever attains.22 And even the rigidity of mathematics can not 
prevent logical exceptions. Logical monads can always escape 
from any control narrower than that of open possibilities. As 
regards the data of logic we seem, as was said above, formally 
utterly incapable of modification of them, or of escape from their 
inevitable characteristics. 

7. Our tentative conclusion then 1s that there 1s a chance for 
a consistent argument to the effect that logic, number, geometry- 
kinematics, matter, life, and mind form a progressive series of 
realms, each with its monads of differing levels exhibiting anal- 
ogous monadic characteristics. The three subsistent realms, 
considered in bare outline, present certain ‘‘levels’’ and parallel- 
isms, although the term ‘‘level’’ as a spatial metaphor is hardly 
applicable to the pre-spatial realms of number and logic, and 
some more general term, like ‘‘configuration,’’ ‘‘distribution,”’ 
or ‘‘type of order’’ may be understood as more generally ap- 
plicable. The notion of evolution, too, so intimately bound up 
with temporal considerations, if retained will probably have to 
be understood in some more general sense. With these quali- 
fications, the following Table may be compared to that in Chap- 
ter I. It must be remembered that in a strictly orderly formu- 
lation of the whole hypothesis of epitomization this Table would 
come first. 


TABLE IT 
(10.) LogicaL REALM (20.) NUMERICAL (30.) GEOMETRIC- 
(Within a mi- REALM KINEMATICAL 
lieu which — see (Within a milieu REALM 
text — may be of the non-nu- (Within a milieu 
referred to as merical logical of the non-dimen- 
the ‘“non-pos- monads) - sional mathemati- 
sible) eal and logical 
monads) 
(11.) Possibilities (21.) Correlate Classes (31.) Series of (Mul- 
: tiples of) Num- 
bers 


28 See P. W. Bridgman, The Logic of Modern Physics, 1927, pp. 60f. 
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(12.) Relations 


(13.) Terms-in-Propo- 
sitions 


(14.) Bodies of Propo- 


sitions, with 
Generalizations 


(15.) Theorems 


(16.) Sciences 
(17.) Systems 


x. ¢ 


(19.) Universe of Dis- 


course 


(22.) Classes in One- 
One Correspond- 
ence 


(23.) Integral Num- 


bers (Arithmetical 
and Algebraic 
Expressions of the 
First Power or 
First Degree) 


(24.) Products and 


Powers of Num- 
bers (Arithmet- 
ical and Alge- 
braic Expressions 
of the Second 
Power or De- 


gree) 


(25.) Arithmetical and 
Algebraic Ex- 
pressions of 
Higher Powers or 
Degrees 
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(32.) Points and In- 


stants 


(33.) World-Lines 


(34.) World-Planes 


(35.) World-Solids 
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PART FOUR—THE LOGICAL REALM 


“That being is logically constructed and constitutes in some meas- 
ure a realm of intelligibility—a mundus intelligibilis—quite irrespec- 
tive of our efforts to comprehend it has been affirmed again and again.” 

F, J. E. Woodbridge, The Realm of Mind, 1926, p. 49. 


“Hs handelt sich ja ... um die Einsicht, dass sich alle moéglichen 
Bedeutungen iiberhaupt einer festen, in der generellen Idee Bedeutung 
a priori vorgezeichneten Typik kategorialer Strukturen unterwerfen, 
und dass im Bedeutungsgebiet eine apriorische Gesetzmissigkeit waltet, 
wonach alle modglichen Formen konkreter Gestaltungen in syste- 
matischer Abhingigkeit von einer kleinen Anzahl primitiver, durch 
Existenzialgesetze festgelegter Formen stehen, aus denen sie daher 
durch reine Konstruktion hergeleitet werden kénnen.” 


KH}. Husserl, Logische Untersuchungen, 1913, Vol. 2, p. 333. 
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CHAPTER XXII 


GENERAL CONSIDERATIONS CONCERNING THE LOGICAL REALM: ITs 
In1tiAu ‘‘ LEVEL’’ IDENTIFIED AS POSSIBILITIES 


“ Hncompassing this unitary totality of existence there would abide 
the eternal Logos, or totality of subsistent possibles, of which the 
actual world itself is but an infinitesimal fraction—an indeterminate 
and ever changing precipitate of compossibility.” 

W. P. Montague, in Contemporary American Philosophy, 
1930, Vol. 2, p. 149. 


General Considerations Concerning the Logical Realm 


(10.00). According to the view outlined in the preceding 
chapter, logical analysis which approximates ultimate conditions 
by tending to lose itself in an ‘‘infinite regress’’ may, so to speak, 
be arrested and made to reveal the principles of logical form. 
Various ways have been suggested to deal with the ‘‘peculiar in- 
volution’’ of other logical questions + without an infinite regress. 
Bertrand Russell would grant an immediate perception of the 
rule according to which an inference proceeds. He says that in 
order to apply a rule of inference it is formally necessary to 
have a premise asserting that the present case is an instance of 
the rule; we shall then need to affirm the rule by which we can 
go from the rule to the instance and also to affirm that here we 
have an instance of this rule, and so on in an endless process. 
Any implication warranted by a rule of inference does actually 
hold and is not merely implied by the rule. But the fact that 
our rule does imply the said implication, if introduced at all, 
must be simply perceived and is not guaranteed by any formal 
deduction. Often it is just as easy to perceive immediately the 
implication in question as to perceive that it is implied by one 
or more of the rules of inference.” For W. E. Johnson, ulti- 
mately there are certain notions which must be taken as intelli- 
gible without definition, and certain propositions which must be 


1C, I, Lewis, Survey of Symbolic Logic, p. 325. 
2B. Russell, Principles of Mathematics, Vol. 1, 1903, p. 41. 
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taken as assertible without demonstration.? Sometimes presup- 
positions or ‘‘primitive ideas’’ are employed and more or less 
explicitly stated. In Principia Mathematica, Whitehead and 
Russell explicitly assume the ‘‘if ... then’’ relation. ‘“‘In 
what honest-to-goodness sense,’’ asks Lewis, ‘‘are the necessary 
principles of logic and mathematics implied by any proposition ? 
The answer is, in the sense of presuppositions.’’ Symbolic logie, 
or that branch of it which is developed first as a basis for others, 
must be developed by operations, the validity of which is pre- 
sumed apart from the logic so developed. It may be that logic 
is developed by methods which it validates by its own theorems 
when these are proved; it may be thus self-critical or circular 
in a sense which means consistency rather than fallacy. But 

. if the validity of certain operations is presupposed, then 
that validity is presupposed, whether it is afterward proved 
valid or not.® Still another way of treating the problem is 
by recognition of logical constants. Russell holds that the logi- 
cal constants themselves are to be defined only by enumeration, 
for they are so fundamental that all the properties by which the 
class of them might be defined presuppose some terms of the class. 
The method of discovering the logical constants is the analysis 
of symbolie logic. Or, once more, reliance may be placed upon 
a natural strength of intellect or quality of knowledge. Ac- 
cording to Eaton, a critique of knowledge makes use of the very 
thing it criticizes, and unless the argument is to become cireular 
or lead back indefinitely from premise to premise, the knowledge 
on which the criticism is based must itself be exempt from criti- 
cism.” 

According to the view here taken, all these suggestions for 
avoiding the infinite regress are only different ways of dealing 
with the essential fact that logical analysis, when prolonged, 
even in a rather brief finite regress, and even when compli- 
eated by considerations which are more properly psychological 
or epistemological, exhibits the essential characteristics of logi- 
eal form and structure. This accords with what Lewis ealls the 

3 W. E. Johnson, Logic, Part 1, 1921, p. 29. 

4See A. N. Whitehead and B. Russell, Principia Mathematica, 1925, Vol. 
Leper. 

: C. I. Lewis, op. cit., pp. 338, 361. See R. M. Eaton, General Logic, 1931, 
pp. 3857f. 

6B. Russell, Principles of Mathematics, pp. 8f. 

7R. M. Eaton, Symbolism and Truth, 1925, p. 267; cf. the quotation 
from Spinoza on p. 272. 
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‘‘orthodox view’’ of logistic, in that the length to which the 
analysis is carried is an important item in determining the char- 
acter of the system,® but according to our view, no matter how 
far the analysis is carried, it continues to encounter the essential 
logical forms. 

The inevitability of the logical structures seems to carry with 
it the inevitability of at least a general type of syntax. All 
attempts to separate logic and syntax by emphasizing the dif- 
ferences of the various languages and grammars seem to fall 
short, since all known languages are so similar ® and certainly 
refer to much the same world. Even the resort to relational and 
symbolic logic seems to leave us involved as inextricably as ever 
in syntactic, if not grammatical structures. It would seem that 
ideally a pure logic and a pure syntax would merge into one 
body of data, which would accommodate the various grammati- 
eal, relational, and symbolic forms in some organic connection 
with one another. This can not be worked out in a moment, but 
something of the kind will be indicated as we proceed. 

The logical realm is here taken to be subsistent and to have 
characteristic monads and levels of its own, the structures and 
processes of which are not dependent upon anything in the eos- 
mogonic, biotic, or neuropsychological realms, although they are 
analogous to these, parallel to them, and involved with them in 
other ways. There appear to be four arguments for such sub- 
sistence. In the first place, there is the inevitability of the logical 
and syntactical structures, which we have just considered. It is 
of course possible that such inevitability is only a postulate or 
a willed characteristic prescribed by some mind bent on making 
the world or our experience intelligible. But any discussion of 
this intelligibility, or of this legislating mind, has to be framed 
in accordance with the forms of logic and of syntax. The logi- 
cal and syntactical forms seem to be ineradicable, at least for 

80. I. Lewis, op. cit., p. 343. L. Wittgenstein, in Tractatus Logico- 
Philosophicus, 1922, holds that propositions can not represent the logical 
form which they must have in common with reality in order to represent 
the latter (p. 79). In face of this difficulty, Russell in the Introduction 
suggests a ‘‘hierarchy of languages,’’ but sees fresh difficulties as regards 
the totality of such languages (p. 23). According to our view, there is a 
hierarchy, which approximates nearer and nearer to a tautology, and pre- 
cisely by so doing exhibits the principles of logical form. Totality here 
involves an enotative reference, beyond the range of descriptive formula- 


tion (cf. Wittgenstein, pp. 17, 149, and our 19.111). 
9cef. R. M. Eaton, op. cit., pp. 89f. 
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discourse; the question is whether they are more nearly ulti- 
mately ineradicable than the legislating mind. As in every 
other argument between realists and idealists, there is something 
to be said on both sides, and other lines of approach to the prob- 
lem also must be considered. 

A second line of argument concerns the basis of certainty 
and constancy in our references or meanings. If, for instance, 
we say ‘‘ Winter has turned to spring,’’ we may under certain 
circumstances in the cosmogonic realm be referring to spring as 
an existent condition, but the winter referred to then is no 
longer existent. Still, the winter must also be an object or at 
least a term of reference, and a term with a constant determinable 
meaning. Hence, it is said, there must be a realm of changeless 
subsistents or essences or meanings quite independent of any 
existent conditions. Of course there is an answer for this type 
of argument in the pragmatic contentions that meanings are not 
static—that, in the example used, the winter referred to is his- 
torically and concretely different from all other winters; or that 
‘‘winter’’ is only a term used in discourse to summarize a group 
of practical interests; or, perhaps that all that is needed to give 
that winter a place among past existents is a stronger insistence 
upon the reality of time as a characteristic of the existent world. 

A third approach is aesthetic; it insists upon the independence 
of subsistents or essences as objects of contemplation, to be dis- 
covered, perhaps, by direct intuition rather than demonstrated 
by argument. Like all intuitionist views, this is more convincing 
to those who enjoy it than to those who try to attain it from the 
outside. 

To these three lines of argument the hypothesis of epitomiza- 
tion may now add a fourth, perhaps not more convincing than 
the others, but tending to corroborate them. This argument is 
that the treatment of the logical as a subsistent realm reveals to 
us a parallelism with other realms consistent as regards the se- 
quences and other relationships of its structures, processes, 
monads, and levels. It might be possible, as many have done, 
to make the logical and mathematical processes merely special 
eases of neuropsychological processes—that is, to ascribe to the 
logical no more status than that of a quality or property of our 
thinking. But as we shall try to show, the relationships between 
realms are more consistent and uniform when a realm of pure 
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logic is regarded as prior to the existent realms, as well as to the 
subsistent realms of number and geometry-kinematics. 

The examination of this realm of pure logical form and struc- 
ture is the task of ‘‘logistic’’ which is here taken to be, as Lewis 
says, the science which deals with types of order as such.?® At 
this point there is agreement with what Lewis calls the heterodox 
view, in that only those relations or other properties which de- 
termine a system as a particular type of order should make a 
difference, and that mathematics should be developed without 
reference to meaning.*+ But it must be apparent that the cur- 
rent treatments of symbolic logic find it hard to confine them- 
selves to ‘‘types of order as such.’’ In Principia Mathematica, 
considerations of validity of propositions, rather than of the 
types of order exemplified, are prominent; in the first edition, by 
the use of the ‘‘assertion sign,’’ 1? logistic was even confused with 
psychology. According to Lewis, any system of logic in which 
there are no material relations can not symbolize its own opera- 
tions.1* According to the treatment here to be attempted, the 
logical structures and processes can be more completely, if not 
entirely separated from material implications, as well as from 
any except formal validity. I+ will be maintained that material 
implication and validity are not germane to the realm of pure 
logic, but concern rather certain relationships between that realm 
and existent realms such as the cosmogonie (see Chapter XXXIV, 
10). But nevertheless the realm of logic is not left floating, to 
be arbitrary and unattached, for a series of checks or criteria is 
provided by the hypothesis of epitomization. The tests of a 
type of order are, one might say, not physical but metaphysical ; 
the logical structures and processes are studied not in the light of 
any supposed content of propositions, or any application of that 
content in the world of affairs, but rather in the light of their 
epitomizing analogies and parallelisms with the monads of other 
realms. Logic is tested with reference to the cosmogonic, but 
to the cosmogonic as exhibiting the monadic characteristics. 
This makes it possible for us to regard a logical proposition as 
subsisting in its own right, with characteristic structures and 

10 C, I. Lewis, op. cit., p. 3. 

11 ibid., pp. 355, 359. 

12 A. N. Whitehead and B. Russell, Principia Mathematica, 1910, Vol. 
1, p. 8; 1925, Vol. 1, Introduction to Second Edition, p. xiii. 


13 C, I. Lewis, op. cit., p. 317; cf. Mind and the World-Order, pp. 244 n, 
245. 
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processes, whether its content is ever verified or not, or ever even 
entertained or not. We do not need the detailed events of the 
existent world to serve as a test of the purely logical processes ; 
the monadiec characteristics are enough to indicate what occurs 
in a realm of pure logic. 

The monadic characteristics also provide us with an answer 
to the question how the logical types of order are so often found 
in the existent world, and how the existent world exhibits such 
striking conformity with them. This, according to the view here 
taken, is because the logical monads, which are the most nearly 
primary constituents of the cosmogonic and of other existent 
monads, persist there in their characteristic interactions (see 
41.2411). 

Finally, the ideal for an epitomization hypothesis would be 
that the monadic characteristics exhibited throughout its 
‘“levels’’ might be set out either as logical postulates or as onto- 
logical principles, and in either case be found to hold of the em- 
pirical world. The ideal would also call for a system of monads 
and monadie characteristics ample enough to accommodate the 
axioms, postulates, and definitions of current logical systems, 
and hence the theorems based on them, as special cases involving 
some, but not always all, of our postulates or principles. It 
need not be added that this ideal is extremely difficult even of 
approximation. It will not be realized within the limits of this 
book, and perhaps it can never be realized. But we shall never- 
theless, in our references to points of contact with current logical 
systems, have it more or less in mind as we proceed. We shall 
deal with the postulates of Whitehead and Russell and of Lewis 
in some detail (see 14.88132). A longer treatment would be 
necessary to show that the axioms of Hilbert,’* for example, may 
be regarded as a selection from our monadic characteristics, in- 
volving different treatments of what we call enotation and inno- 
tation and different answers to problems of existence and epist- 
emology. 


The Imtial *‘ Level’’ of the Logical Realm: Possibilities 


(11.00). When we east about for suggestions to aid us in the 
difficult task of distinguishing the monads of the initial ‘‘level’’ 
of the logical realm, we are at first inclined to follow current 


14D. Hilbert, ‘‘ Die logischen Grundlagen der Mathematik,’’ Math. Ann., 
88, 1923, pp. 1537. 
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usage and begin with terms in propositions. We are involved in 
the condition that our actual discussion here must be formulated 
in terms and propositions more or less consistently grouped in dis- 
course. But according to the hypothesis of epitomization, 
reasons may be found for supposing that, after all, terms in 
propositions are not the primary concern of logic. Our investi- 
gations of initial levels in other realms have shown that from our 
own locus in the cosmos we encounter the monads of initial 
levels—.e., radiations, organic compounds, and excitation ares— 
only in some kind of connection with monads later in the sequence 
of levels. But in spite of this, we have considered the earlier 
monads as existing in their own right, with their relative indi- 
viduations convergent. This may well lead us to look for logical 
entities or monads subsisting in their own right, independently 
of the fact that they are later involved in propositions or dis- 
course. Moreover, we have been accustomed to find that the mon- 
ads of the first two levels of a realm do not even exhibit those gen- 
eral properties which are in many ways most characteristic of the 
realm. Radiations and electrons, for example, are not material ; 
organic compounds and molecular complexes are not living; ex- 
citation ares and receptor-effector systems are not yet neuronie, 
and perhaps not characterized by consciousness. One would ex- 
pect, by parallelism, that monads of the initial level or two of the 
logical realm might lack some properties which for us seem most 
characteristic of the logical. And in view of what the logical so 
predominantly is for us, it would be a fair hazard that the prop- 
erties lacking are those of terms in propositions, even though we 
from our point of view, have to distinguish these monads by the 
aid of terms in propositions, just as we are obliged to distinguish 
radiations and electrons in the midst of developments which in- 
clude atoms. 

Once again, we are accustomed by the principle of refraction 
to understand that it is not given us to know the cosmogonic 
realm, for instance, ‘‘in and by itself’’; our minds, as we say, 
apprehend it only through the intervening biotic realm. So 
here, we must be prepared to be at a loss to know what these 
logical entities are in and by themselves; we come into eontact 
with them only as they are refracted through the intervening 
biotic and cosmogonic realms. This is why everything logical 
seems to demand exemplification ; we see it in its exemplification, 
i.e., aS refracted through the realms in which the examples lie. 
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In the light of such considerations, and postponing some of the 
difficulties, especially that of precise definition, we take the 
initial level of the logical realm to consist of monads which we 
may properly call possibilities. 

It must be admitted that if there are such monads they are 
closely involved with relations and with orders, and that there 
may be reasons for regarding these last as monads more nearly 
primary. But in favor of the primacy of possibilities, there is, 
in the first place, the fact that when we consider the situation 
which seems most nearly primary we have one monad in its 
milieu. It may be insisted that this monad, relatively individ- 
uated as it is, is to be referred to primarily as a relation, or even 
as an order. But at least it seems clearer to refer to one monad 
in a milieu as a possibility rather than an order, and to suppose 
that it requires two or more monads to give us an order. The 
fact, too, that we are inclined to speak of such a monad in its 
milieu as the simplest possible monad, or possible relation, or 
possible order, may not be without significance. 

In the second place, for a course of development, granting that 
it is to characterize the subsistent as well as the existent realms, 
possibilities seem to offer more than either orders or relations. 
The last two may be quite rigid, and if regarded as primary, need 
possibilities of growth, integration, etc., in order to produce other 
realms. On the other hand, a level of pure possibilities could 
hardly be regarded as initially rigid, and might even be char- 
acterized by enough élan or nisus or contingency to evolve a 
world. In fact, such a realm of pure possibilities, which for 
good reasons can not be precisely described, constitutes for us 
the source both of subsistence and of existence. 

Once more, the assignment of primacy to possibilities is quite 
in line with current logical theory. Bertrand Russell has noted 
that ‘‘logic, instead of being as formerly a bar to possibilities, 
has become the great liberator of the imagination, presenting 
innumerable alternatives which are closed to unreflective com- 
mon sense, and leaving to experience the task of deciding, where 
decision is possible, between the many worlds which logie offers 
for our choice.’’*> And a world grounded in possibilities offers 
more for modern thought than one grounded in the more rigid 
categories which in the past have been regarded as _ basic. 
Finally, there is what might be called the argument from the 


15 B, Russell, Philosophy, p. 297. 
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epitomization hypothesis, that when possibilities are regarded as 
the initial logical monads, at least some of the results are con- 
sistent with the analogous monads of other levels and the parallel 
monads of other realms. In the remainder of this chapter we 
shall develop this point in such detail as is ‘‘ possible.”’ 

(11.10). We shall find first that a possibility is individuated 
(11.11) relatively to some other objects of reference. The at- 
tempt to specify its relative individuation is the attempt to de- 
fine it, and as such encounters peculiar difficulties. 


Of current interpretations of possibility, we consider those of Brad- 
ley, Johnson, Buchanan, Whitehead, and Lewis. Bradley attempted to 
remove what he held to be the false distinction between the possible 
and the real by merging the possible in the real Absolute.1® He main- 
tained that unless truth and existence are mutually dependent and con- 
nected there is no real sense or meaning in which the term “ possible ” 
ean be used.1* He declared that a real possibility is a veritable fact 
which actually exists, and the possible, when taken in its one proper 
meaning, is to be found nowhere but in the regions of ideas and truth.® 
Bradley could assimilate the possible and the real because he regarded 
the real as graded in degrees of reality. He says that wherever you 
have a whole which is viewed as grounded internally and throughout, 
anything within that whole which is yet short of it will because of the 
whole be the real possibility of anything else in the whole, and will 
thus and so far be, even itself, real and actual. Or again, as apart 
from all the rest, it will be itself but merely possible, because as 
thus apart it is no more than imperfectly grounded.*® But a theory 
like ours, which rejects the Bradleian absolutism because the latter 
fails to allow for the epistemological principle of implicit duality 
and the wider metaphysical principle, or monadic characteristic, of rela- 
tive individuation, and which emphasizes the contrasts between our 
connotative-denotative and our enotative and innotative knowledge (see 
Chapter I, 3) will not find it difficult to refer to “ outstanding” possi- 
bilities, whatever they may be, in spite of the fact that we admittedly 
are, as Bradley says, ignorant of them.?° 

Johnson’s treatment of the possible is involved with questions of 
truth and falsehood. He says that “the possible” may mean what is 
epistemically possible, or that which is not known to be false; for- 
mally possible, or that which does not conflict with any formally certi- 
fied proposition; or nomically possible, or that which does not conflict 


16 F, H. Bradley, The Principles of Logic, 1922, Vol. 1, p. 203. 
17 ibid., Vol. 2, pp. 709f. 

18 ¢bid., Vol. 1, pp. 2107.; Vol. 2, p. 707. 

19 ibid., Vol. 2, p. 707. 

20 ibid., Vol. 2., p. 710. 
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with any law of nature.?! Buchanan says that possibility is the regu- 
lative idea for the analysis of wholes into parts, like a spectroscope 
which analyzes sunlight into its components.?? With regard to both 
Johnson and Buchanan, although we are obliged to consider the world 
from our inevitable human point of view, we are interested in render- 
ing the intervening levels and realms as transparent as “ possible,” and 
in considering a level of possibility prior to physical nature and long 
prior to the emergence of knowers and their thorny problems. With 
regard to Buchanan’s figure, for us it is not the mind or anything in 
it which refracts; it is rather the realms of nature intervening between 
us and the purely logical level of possibilities. In other words, possi- 
bilities are metaphysical reals, not epistemological processes nor cate- 
gories. ) 

Whitehead’s treatment contrasts the possible and the actual. For 
him, every actual oceasion is set within a realm of alternative inter- 
connected entities. This realm is disclosed by all the untrue propo- 
sitions which ean be predicated significantly of that occasion. The 
understanding of actuality requires a reference to ideality; the two 
are intrinsically inherent in the total metaphysical situation.?* Lewis 
recognizes a difference between the actual, or true in fact, and the 
possible, or that which is consistent with it, and says that much of our 
use of material or formal implication is valid because confined to actual 
situations.2* Whitehead is more realistic, as if the possible might be a 
milieu for the actual. 


For us, the ‘‘actual’’ is a later level, or later levels or realms 
arising from or precipitated out of the possible; but we are in- 
vestigating a level of ‘‘pure’’ possibility, independent of the 
actual, although now necessarily referred to by us from the 
midst of the latter. We have indicated something of the diffi- 
culty of specifying just what a ‘‘pure possibility’’ is, in and by 
itself; we discern possibilities only as they are ‘‘refracted”’ 
through the intervening realms and thus for us confused with 
their exemplifications. But we can at least say that every pure 
possibility is real in the sense that it subsists in a ‘‘realm.’’ In 
this way, possibilities are at least allotted a metaphysical status, 
and a metaphysical status is just what in some other theories is 
hard to secure for them. It can be said that a possibility is 
real-ized when it is appropriated by or incorporated into a monad 
of a later level or realm; but the hypothesis of realms implies 

21 W. E. Johnson, op. cit., Part 1, p. 61. 

22 §. Buchanan, Possibility, 1927, p. 81. 


23 A, N. Whitehead, Science and the Modern World, 1926, p. 228. 
24 C. I. Lewis, Survey of Symbolic Logic, pp. 329, 3337. 


POSSIBILITIES aY5" 


that monads of each level have a certain reality which is dis- 
tinctive of it. The doctrine of ‘‘degrees of truth and reality”’ 
is quite in accord with that of levels and realms, if the doctrine 
of degrees can be divested of its mentalism and implied absolute- 
ness. We should say that every possibility is actual in so far 
as it, like any other monad, interacts and thereby maintains its 
relative individuation. Every pure possibility for us is abstract 
in the metaphysical, not in the merely epistemological sense. To 
say that a possibility is ‘‘possible’’ is for us one of those near- 
tautologies, which, although often seeming to be meaningless, 
may reveal to us the principles of logical form and, in this case, 
reveal in a sufficiently close approximation the primary level of 
the logical realm and of our world. No possibility need be 
theught of as utterly rigid, or as precisely definite, since its in- 
dividuation is relative in numerous respects yet to be considered. 

There is a peculiar twist to the whole attempt to give a definite 
account of possibilities, and even in this peculiarity a possibility 
exhibits a more or less remote parallelism with a light-wave. 
Just as an observer’s estimate of his relativist universe expands 
as his signal travels outward and yet implies room for further 
expansion, subject to whatever cosmic curvature or restriction 
there may be, so the eoncept of pure possibility rides on one’s 
swiftest thought and yet implies further open possibility, sub- 
ject only to inherent or imposed limitations, if there are such. 
Not merely all that we think, but all that we can think, by the 
very fact that we can, has a certain status as possibility. We 
can begin the account of possibilities, and we can recognize 
among the others the possibility that some may limit the rest, 
but we can not specify those limits. As fast as we specify them, 
they too are recognized as possible, unless there is some restrict- 
ing condition. Is there such a condition? 

(11.111). Any attempt to indicate such a restricting condi- 
tion raises, in a primary and peculiarly difficult case, the prob- 
lem of a milieu. What, if anything, shall be assigned as the 
milieu, the bounding conditions, of possibility? In a problem 
which might be regarded as similar, Whitehead maintains that 
God is the ground for concrete actuality, the ultimate limitation 
upon the actual occasions of the world.*® But this, while quite 
‘‘nossible,’’ seems to us to disregard, again, the essential mark 
of an enotative concept or region. An ultimate limitation, we 


25 A, N. Whitehead, Science and the Modern World, pp. 257f. 
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should say, is enotative or innotative, to be indicated but not 
described; whether it immediately restricts the cosmogonic or 
marks a milieu or condition for the logical, it ean be referred 
to non-committally, but it ought not to be invested with the 
positive attributes of God or of anything else. According to 
the principle of implicit duality, such a condition can be re- 
ferred to only negatively, by a term excluded by the term used 
to specify the connotative-denotative content of our experience; 
it would seem, then, that the one term which is suitable to indi- 
cate the milieu of the possible is the ‘‘non-possible.’’ Since the 
boundaries of the possible are themselves so indefinite, this term 
is used in preference to “‘not-possible.’’ As used here, it does 
not specify whether the enotative milieu is to be characterized 
as ‘‘further possibility,’’ or as so different from all possibilities 
that it must be called ‘‘impossible’’; to make either of these 
statements would be to characterize the enotative milieu, which 
can properly be only indicated and then left open. 

This treatment is at variance with that of Bradley who, with 
his doctrine of absolute reality, makes the impossible contrast with 
the real, and tries to dismiss the impossible by calling it ‘‘noth- 
ing.’’? But with all his absolutism, Bradley is obliged to leave an 
open question, for ‘‘the question as to how this abstraction, the 
impossible, can itself be possible and can appear as fact is in the 
end unanswerable. It is but one aspect of the ultimate inquiry 
as to how there can come to be such a thing as finite existence.’’ *” 
In our view, the non-possible, while not assimilated to our world 
of explanations, is recognized as a condition of that world. 

Bertrand Russell’s treatment of the impossible is bound up 
with questions of truth and falsehood. He says that if ox is 
an undetermined value of a certain propositional function, it 
will be necessary if the function is always true, possible if it is 
sometimes true, and impossible if never true.*® But our inves- 
tigation is concerned with pure logical structures, taken as 
independently as possible of all problems of applied logic, or 
problems of validity. 

An attempt in the direction of a purer logistic is made by 
Lewis, who in his logic of strict implication develops the view 
that in seeking to determine truth values we must deal not 

26, H. Bradley, op. cit., Vol. 1, pp. 218, 239, n. 31; Vol. 2, pp. 6697. 

27 ibid., Vol 2, pp. 672f. 

28 B. Russell, Introduction to Mathematical Philosophy, p. 165. 


POSSIBILITIES old 


merely with the false but with the impossible. In strict impli- 
eation, by definition, ‘‘p implies q’’ means that it is impossible 
that p should be true and gq at the same time be false.?® But it 
is to be noted that Lewis, too, not only is still concerned with 
problems of validity, but is obliged to leave a field of open pos- 
sibilities, even in the course of his criticism of the ‘‘ peculiar 
propositions’’ of material implication; for he says that every 
impossible proposition—z.e., every proposition which implies 
its own negation—implies anything and everything.*® N. 
Wiener in a review of Lewis’s book held that strict implication 
is a legitimate alternative to material implication, but did not 
consider that it has been definitely established that strict im- 
plication is not simply formal implication between propositional 
functions whose variability has been suppressed.*+ 

According to our view, the purely and utterly non-possible 
eludes such metaphysics of absolutism and such logics of truth 
and falsehood, but in its very elusiveness reflects the principles 
of implicit duality and of relative individuation in a milieu. 
The non-possible may be indicated but not described; it can 
not be described either as compatible with the possible or in- 
compatible with it, without doing violence to the essential con- 
trast between connotative-denotative and enotative regions. 
This last point, we think, explains why Bradley finds that if you 
assert the reality of what is incompatible, the possible is not even 
possible; if you deny the above reality, the possible has at once 
become real.?? This is because any attempted description of 
the non-possible reduces it from its character of outstanding 
milieu or condition to some definite connection with whatever 
region is connotatively or denotatively apprehended, and even 
then this region is still conditioned by some still unspecified out- 
standing non-possible. The non-possible is the Great Milieu of 
the logical realm. To put it picturesquely, the later logical 
monads float in a network or field of possibilities and the net- 
work of possibilities itself quivers in an aether of the non-pos- 
sible; or, perhaps, the non-possible is encountered in what we 
sometimes refer to as the ‘‘bounds of possibility,’’ and repre- 

29C. I. Lewis, op. cit., pp. 2927., 332f. 

80 ibid., p. 338. 

31 N. Wiener, review of OC. I. Lewis, Survey of Symbolic Logic, Jour. 
Phil., 17, 1920, p. 78. 
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sents a kind of curvature of all the possibilities of the logical 
universe. 

(11.113). We assume that possibilities subsist along with one 
another, with individuation which at least for us appears rela- 
tive to cognate monads. 

(11.12). Possibilities as we encounter them are all involved 
in nature or thought, where they constitute, one might say, the 
modes described by modal adjectives, or the potentialities of the 
existent world. But they are here regarded also as prior monads 
subsisting in their own right, and we call their individuation 
convergent. 

(11.13). With regard to the question whether possibilities 
subsist in varying degrees of complexity of organization, it 
might be maintained that any such more complex forms would 
be possibilities of possibilities, somewhat as the more complex 
atoms might be called ‘‘atoms of atoms’’; but to explore pos- 
sibilities of possibilities means, for us, to proceed pointlessly, 
in the direction of analysis rather than synthesis, along the way 
of ‘‘infinite’’ regress. On the other hand, it may be that just 
as the more complex organic compounds are, presumably, not 
found free in the environment, but are found in the later or- 
ganisms, so the more complex forms of possibilities are now 
embedded in later monads, perhaps in actual things. Thus, if 
one grants the subsistence of loosely combined possibilities, one 
can assume that more persistent and consistent combinations 
would constitute (11.1331) ‘‘strong possibilities,’’ or probabili- 
ties, and perhaps thus account for what Eddington calls a priori 
probability in the world substratum.** In other words, proba- 
bilities may be microscopic and subsistent as well as macroscopic 
and existent. Perhaps (11.1833) the most persistent and con- 
sistent combinations are what we call necessities; necessity may 
thus represent a kind of quantization of possibilities, a parallel 
to the quantization of action. In such a view one should dis- 
tinguish between statements about the actual status of possi- 
bilities in the world and the use of expressions like ‘‘it may be’”’ 
and ‘‘perhaps’’ to indicate the tentative character of our state- 
ments. That our statements are tentative and only ‘‘possibly”’ 
true is for us a remote outworking, in the neuropsychological 
and other realms, of possibilities characteristic of the structure 
of the world. 


33 A. S. Eddington, Nature of the Physical World, pp. 244f. 
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(11.14). It may seem most natural to say that pure possi- 
bilities are never modified but remain just as they are; or, even 
if they are modified, that the modifications are no more likely 
to be those indicated in the monadic characteristics than any 
other modifications. Many considerations indicate that the field 
of possibilities must be left open and not reduced to the struc- 
tures or processes belonging to later monads, but on the other 
hand there is at least a chance for the monadic characteristics, 
since they too are ‘‘among the possibilities.’’ Judged from our 
point of view, it would seem that the monadic characteristics 
have been just the possibilities which, at least in the later devel- 
opments, have been able to make themselves strong. From an- 
other angle also we may assume that at least some possibilities 
exhibit the monadic characteristic of interaction, because, in 
accordance with what has been said, it appears that only thus 
can they be ‘‘actual’’ possibilities. 

(11.20). The interactions of possibilities in their pure state, 
1.€., in their own realm and at their own level, do not appear to 
be selective; if they are selective, their selections are hard to 
specify. They must include all possibilities, and we can not say 
that they do not include the non-possible as well. At this level 
problems of truth and falsehood, and even of logical consistency 
as we know it, have not yet arisen; we may suppose that possi- 
bilities interact and merge and group themselves in all sorts of 
fantastic ways. Still, there must be some more or less per- 
sistent distinctions, else we should have no monads; possibly 
these distinctions serve as indications that any interactions here 
are in some respect selective. The problem here is analogous 
to that of the ‘‘electron filling all space’’ and yet somehow 
interacting with other monads. 

(11.21). If a possibility ever becomes ‘‘more possible’’ it 
must (11.211) appropriate some element either from what was 
hitherto (11.2111) the milieu, if not the prior realm of the 
non-possible, or from (11.2118) some other possibility. Per- 
haps this is the prime condition for a developing world, that 
what was once non-possible becomes possible in a higher degree, 
or becomes probable, or necessary. 

(11.22). If a possibility ever decreases, there must be cor- 
responding processes of rejection. Any possibility in so far as 
it is a monad must (11.2201) exclude innumerable fantastic 
non-possibles. Bradley says that the impossible certainly con- 
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tains more than absence of possibility; it involves necessarily 
the idea of (11.2223) rejection from a positive and real basis.®4 

In any situation marked by constantly shifting changes, there 
will be (11.23) combinations of these processes. It seems plau- 
sible that probability might show (11.25) differentiations of 
structure as regards (11.2533) its component possibilities, as 
well as some (11.26) regulation during (11.27) accretion and 
depletion. 

(11.80). It seems plausible, again, to hold that although 
possibilities may (11.31) arise in utter independence of one | 
another, still one might (11.32) lead over to another. Ob- 
viously, they must exhibit (11.35) resemblances and differences, 
although the resemblances and differences, in the absence of a 
world of later levels and realms, can hardly be specified. 

As regards (11.86) serial arrangements, there seem to be 
(11.3622) sub-levels of possibility, as when we are asked to 
contemplate the possibility of a possibility, and also degrees 
of probability or necessity (see 11.13). Certain serial arrange- 
ments of possibilities may be involved in data which we treat 
in terms of (11.36321) continuity * or (11.386322) infinity. 

(11.38). Associations and linkages seem particularly evi- 
dent in (11.8811) later monads, where trends of possibility and 
even of probability and necessity seem to be distinguishable and 
may underlie what we call logical consistency. The reason 
why, as Bertrand Russell says, there is no logical necessity for 
one fact to follow, given another or a number of others,?* may 
be just here—because upon analysis, each so-called necessity is 
resolved into mere possibilities. 

(11.41). One can scarcely deny that, granting changing 
conditions, pure abstract necessities might disintegrate into 
probabilities or possibilities, although the question whether the 
last-named ?? (11.418) vanish into the non-possible is one of 
most extreme logical difficulty, far more subtle than the parallel 
problem of conservation of energy in the cosmogonic realm. 

(11.42). It is not difficult to surmise that possibilities are 
aggregated into what might be called fields of possibilities; but 
a question of great importance concerns their (11.43) inte- 


34, H. Bradley, op. cit., Vol. 2, pp. 669f. 
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grations into monads of a later level. One hesitates to carry 
apparent plays on words too far, and yet there must be some 
reason for words, particularly here in these levels of remote 
abstraction, yielding just the combinations which they do yield. 
Why then should we not say that when possibilities in their 
shifting field become in certain ways related, then the related 
possibilities yield possible relations—that is, new monads which 
become actual when, as other monads do in maintaining their 
individuations, they interact in their own proper ways (see 
12.14) with their milieu and with prior monads? The more we 
consider this, it appears that here, in what we might call the 
initial case of integration of monads of one level into monads 
of the next level, we have a case typical of all integrations. 
When two pure possibilities subsist, there are at least the 
‘‘makings’’ of a given relation between them, and the integrated 
or emergent relation is actually made in the process which we 
represent by interchanging the adjectival and nominal forms— 
in passing, that is, from related possibilities to possible relations. 
The transition from adjectival to nominal form represents pre- 
cisely a logical ‘‘stepping-up’’ to a higher level. A pure rela- 
tion is more definite than a pure possibility ; it is a more endur- 
ing linkage of possibilities, each of which serves to hold the 
others in the given relation. A pure relation is a ‘‘logical 
concretion.’’ 

If it be objected that relations between possibilities are pres- 
ent from the start and that no evolutionary advance from one 
level to another takes place here, two answers may be given, in 
accordance with the hypothesis of epitomization. One is that 
whatever we say about pure possibilities must be said from our 
own cosmic locus, which happens now to lie ‘‘this side of’’ the 
level of pure relations, so that our data as regards possibilities 
are likely to suffer ‘‘refraction’’ and to be viewed through, and 
hence as, our data as regards relations. But another answer 
is suggested by a glance at parallel levels, when we remember 
that in some respects it is impossible to draw a hard and fast 
line between radiations and electrons, or organic compounds 
and molecular complexes, or excitation ares and receptor-ef- 
fector systems. Monads of the second level in all realms are 
hard to distinguish from those of the first. Moreover, the fact 
that no definite examples of such pure relations can be given 
plays directly into our hands; for if examples could be given, 
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it would mean that relations would be no longer pure and 
abstract, but had become involved in later monads, particularly 
the existent. Pure relations must be treated abstractly if they 
are to remain pure. 

(11.44). Within pure relations, constituent possibilities are 
sometimes detectable; the fact that so many of our words indi- 
cating relations, as well as so many of our terms, have a modal 
tinge about them, ending for example in ‘‘-ible’’ or ‘‘-able,’’ 
shows that there are possibilities in the new monads. 


CHAPTER XXIII 
RELATIONS 


“A real place must be found for every kind of thing experienced, 
whether term or relation, in the final philosophical arrangement.” 


William James, Essays in Radical Empiricism, 1912, p. 42. 


(12.00). It seems reasonable to think that there must be a level 
intermediate between the gossamer world of floating possibilities 
and the much more stable world of terms with their approxi- 
mately fixed meanings. The conviction that our ordinary logic 
presupposes a system of connexity, consistency, or order demands 
something firmer than free and open possibilities can supply. 
According to Spaulding, modern analysis tends to show that ‘‘re- 
lation’’ is an indefinable.t We should agree, in so far as any 
attempt to describe relations suffers from the principle of ‘‘re- 
fraction.’’ Bertrand Russell says that a great deal of confusion 
about relations which has prevailed in practically all philosophies 
comes from the fact that relations are indicated not by other 
relations but by words which, in themselves, are just like other 
words. Consequently in thinking about relations we constantly 
hover between the unsubstantiality of the relation itself and the 
substantiality of the word.? Again, he holds that neglect of the 
doctrine of types—for which we would here understand ‘‘levels’”’ 
—has made it extraordinarily difficult to express in words any 
theory of relations which is logically capable of being true, be- 
cause language can not preserve the difference of type between 
a relation and its terms. Most of the arguments for and against 
the reality of relations have been vitiated through this source of 
econfusion.2 The same important point is also brought out else- 
where in the remark that a relation is one thing when it relates 
and another thing when it is merely enumerated as a term in a 
collection.* 

iE. G. Spaulding, ‘‘A Defense of Analysis,’’ in The New Realism, p. 
175. 

2B. Russell, Philosophy, pp. 56f. 

3B. Russell, ‘‘ Logical Atomism,’’ in J. H. Muirhead, ed., Contemporary 


British Philosophy, 1924, Vol. 1, pp. 369f. 
4B. Russell, Principles of Mathematics, p. 140. 
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One can hardly give an example of a pure relation without in- 
volving monads of later levels, subsistent or existent; but a 
likeness, or a transitive verb, if not considered in connection with 
any terms or existent objects, offers an approximation. 

(12.10). That the individuation of a relation should itself be 
(12.11) relative may mark a difference of complexity of organ- 
ization (see 12.13), but may also be for us one of those near- 
tautologies which disclose the logical primacies. Any relation 
may be regarded as individuated with respect to (12.111) the 
milieu of the non-possible and to (12.112) any outstanding unre- 
lated or irrevelant possibilities. If relations are to be considered 
as relative, they must be (12.113) relative to one another. There 
is (12.1131) a dyadic relationship of relations and relata;* the 
relata may also be monads of (12.114) the next level (see 
13.1131), just as protons are also hydrogen nuclei. At the next 
level, either member of the dyad may be in excess of the other, 
aS in many-one or one-many relations, without affecting the 
dyadic relationship involved. 

(12.12). We ordinarily know relations only in connection 
with terms, ete., just as we ordinarily know electrons only In 
connection with monads like atoms, ete. The ordinary logic of 
relations is confined to an examination of a few rather simple re- 
lationships between terms, propositions, propositional functions, 
and classes. But other investigators have long insisted that a 
relation is as real as the terms it relates.’ And when relations 
are viewed as emerging within fields of pure possibilities, we 
may call their individuation convergent. 

(12.18). The (12.1811) simplest case of a relation is Heb to 
be encountered in ‘‘a couple with sense’’; but it ought to be 
noted that each member of such a couple is a term, and that the 
relation in such a ease is more clearly parallel to a valence elec- 
tron connecting two atoms than to an electron in the free state. 
In the view here maintained, the simplest case of a pure relation 
would be a relation made up of only two possibilities, perhaps 
with the sense of the relation determined by the dominance of 
one possibility over the other. Perhaps the relationship of im- 
plication between propositions at a later level (see 14.38) points 


5A. 8. Eddington, Nature of the Physical World, p. 230. 

6 See, e.g., C. Peirce, ‘‘The Logic of Relatives,’ ” Monist, 7, 1897, pp. 
161ff. 

tcf. W. James, Essays in Radical Empiricism, 1912, p. 107. 
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to a (12.1312) simple relation at this level, somewhat as, in a par- 
allel case, a hereditary character has some reference to a gene. 
And it may be that multiple relations are to be traced to (12.133) 
complex forms of pure relations; as Bertrand Russell says, rela- 
tions may be molecular compounds of other relations.® 

(12.14). It may be argued that pure relations, like pure pos- 
sibilities, can never be modified, or that if they are modified their 
modifications need not be those indicated by the monadic char- 
acteristics. But the monadic characteristics are at least a selec- 
tion among relations, as among possibilities, and a selection 
which, when the world comes to be viewed from our cosmic 
locus, appears to be of metaphysical significance. 

(12.20). Just as when dealing with possibilities we seem to 
be confined to possible statements, it may be that in dealing 
with relations we are confined to relative statements. But there 
seems to be an increase in stability; the gossamer skein of possi- 
bilities is beginning to have nodes, and to be a network. At all 
events, a relation, if it is to be actual in our sense of the word, 
must interact. If it does not, it must presently lose its individ- 
uation and become dissolved into mere possibilities. 

(12.21). Relations may be supposed to appropriate (12.2111) 
new possibilities, whenever there is any change in them. Rela- 
tions incorporatively appropriating (12.2118) other relations 
may give rise to complex relations; if the appropriation is 
(12.2123) non-incorporative, the result may be a correlation, 
familiar when terms or other later monads are correlated. There 
are doubtless corresponding processes of (12.22) rejection, with 
all manner of (12.23) combinations. It may be supposed that 
sometimes one relation (12.231391) excludes, (12.2313892) modi- 
fies, or (12.231398) reinforces another. It is hard to discern 
any ?? (12.231394) interchanges or exchanges; processes like 
the reversal of the sense of a relation, and logical conversion, are 
interchanges of terms. 

(12.24). If pure relations were freed from the traditional 
rigid logic and metaphysics, constituent possibilities might be 
discerned in characteristic interactions, and in (12.25) effects on 
structure, (12.26) regulation, and (12.27) growth or decline. 
All this is at a level prior to terms, but, as contemplated by us, 
a level necessarily refracted through the level of terms, and 
hence described in words such as these or else not described at 


6B. Russell, Analysis of Matter, p. 116. 
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all. Any definiteness assigned to such monads must be regarded 
as more or less read into it from our cosmic locus. 

(12.30). If relations are conditioned by other relations, there 
is already implied a plurality of relations. They may arise by 
(12.31) repeated production; in later monads they seem to show 
some (12.32) reproduction, as in serial relations or ‘‘the square 
of a relation.’’® Moreover, (12.33) between any two relations 
a third relation—if nothing more, the relation of the two original 
relations to one another—may appear. Relations if at all active 
doubtless (12.34) generate new possibilities within their or- 
ganizations. They exhibit countless (12.35) resemblances and 
differences. Eddington says that we must postulate not only 
relations between relata but some kind of relation of likeness be- 
tween some relations, and that the slightest concession in this 
direction will enable us to link the whole into a structure.?? It 
is difficult to distinguish at this level between differences of re- 
lations and the relation of difference such as characterizes later 
monads; here seems to be another of the near-tautologies which 
reveal the structure of the world. Examples of (12.36) serial 
arrangement are evident, at least in later monads, in (12.362) 
transitive relations, and (12.3622) powers of a relation.?? 
Transitive relations and powers of a relation are particularly 
good examples of (12.3803) transmission, often with (12.38111, 
ete.) subordinate linkage. Various doctrines of internal rela- 
tions 1* may be viewed as cases of (12.88113, ete.) mutual asso- 
ciation. If relationships of necessity in the cosmogonie are 
analogous to biological characters, there may be a basis here 
for (12.88132) statistical doctrines of causation ** parallel to 
the statistical formulations of Mendelism. 

(12.41). It seems cogent to suppose that relations may dis- 
integrate into pure possibilities, and that they are (12.42) aggre- 
gated into vast fields of relatedness or relational systems. Per- 
haps, without other relata, this may constitute a beginning of 
what Eddington ealls a relation-structure underlying the physi- 
eal world.*® | 

9B. Russell, Introduction to Mathematical Philosophy, p. 32. 

10 A. §. Eddington, op. cit., pp. 231f. 

11 B. Russell, op. cit., pp. 3lf. 

12 Cf. ibid., p. 32. 

18 cf, E. G. Spaulding, in The New Realism, pp. 165ff. 


14 cf, B. Russell, Analysis of Matter, pp. 101f., 168, 393. 
15 A, §. Eddington, Mathematical Theory of Relativity, p. 224. 
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(12.48). Arguments that pure abstract relations are inte- 
grated into terms may be gathered from Eddington’s world- 
building out of relations and relata,!° as well as from the con- 
erete world, where, as Whitehead says, ‘‘faet is not the sum of 
factors; it is the concreteness or embeddedness of factors.’’ 1° 
Bosanquet seems to imply something of the sort, although with too 
much admixture of the psychological, when he refers to the first 
stage of individuation as a synthesis of differences, and says that 
proportion is the simplest expression of individuality, and that 
all intelligent recognition of the individual object depends either 
on proportion or some principle which involves proportion.?’ 
The doctrine of ‘‘concretions’’ in discourse 7 has also some bear- 
ing here. 

Certainly the prominence which in current discussions of later 
monads is accorded to ‘‘internal relations’’ and ‘‘external rela- 
tions’’ 1° would indicate either that integrated relations (12.441) 
remain prominent in later monads, or that (12.442) new rela- 
tions are differentiated there. 


Not much in the way of definiteness can be claimed for our 
treatment of the first two levels of the logical realm. There is a 
sense in which a term is the terminus of clear logical analysis, 
and any attempt to deal with simpler monads, in spite of the 
pseudo-clarity due to refraction of those monads through the 
level of terms, is bound to be vague. But in the very nature of 
the case, if the developments just sketched out are seen to be 
even ‘‘barely possible’’ or ‘‘at most only relatively true,’’ we 
must be quite content. It is at the next level that the applica- 
tions of the epitomization hypothesis in the realm of logic begin 
to be more clearly apparent. 

16 A, N. Whitehead, The Principle of Relativity, 1922, p. 15. 


17B, Bosanquet, Logic, 1911, Vol. 1, pp. 110f., 127. 
18 cf. G. Santayana, Reason in Common Sense, 1905, Chap. 7. 


CHAPTER XXIV 
TERMS-IN-PROPOSITIONS 


“Simple references ... would rarely lend themselves to proposi- 
tional formulation. . . . To extend a metaphor which is becoming fa- 
miliar, these might be regarded as ‘ electronic’ references.” 

C. K. Ogden and I. A. Richards, The Meaning of 
Meaning, 1923, p. 163. 


“The atomic study of logical forms deals with atomic propositions, 
decomposing them into subjects and predicates, terms and relations, 
just as atomic chemistry analyzes physical atoms into electrons and 
protons.” 

R. M. Eaton, General Logic, 1931, p. 27. 


(13.00). Just as in the cosmogonic realm it is with atoms 
rather than lines of force or electrons that we come to the 
monads best known in the cosmogoniec, so here it is with terms 
in propositions, rather than mere possibilities or relations, that 
we come into what is most commonly recognized as the field 
of logic. Here syntax, in the usual sense, begins, and logie 
lends itself readily to discourse. According to our view, the 
relationship of term to proposition is parallel to that of the 
atomic nucleus to its peripheral electrons, or the cell nucleus 
to its cytoplasm. This view accommodates the theory that the 
elemental unit of logic is the term and also the theory that it is 
the proposition.: Eaton says that the necessary unity of mean- 
ing in a proposition suggests that the term ‘‘proposition”’ can 
be used for any whole which has a unified meaning and that 
this would not exclude single words or incomplete phrases.” 
Our view goes further, exhibiting the relationships between a 
term and a proposition as the result of interactions. © 

As in the case of atoms we did not always distinguish between 
atomic nuclei and atoms with peripheral electrons, so we shall 
not always distinguish between terms and terms in proposi- 
tions. Bertrand Russell says, with regard to the former, 
‘“Whatever may be an object of thought, or may occur in any 
true or false proposition, or can be counted as one, I eall a term. 


1 For the latter view, see W. E. Johnson, Logic, Part 1, p. 1. 
2R. M. Eaton, Symbolism and Truth, p. 184 n. 
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I shall use as synonymous with it the words unit, individual, and 
entity.’’ Later on he says that a term or individual is any 
object which is not a range.* He thinks that a proposition can 
not be formally defined, but calls it a form of words which ex- 
presses what is true or false.* 

According to our view, the proposition has no necessary refer- 
ence to what is true or false. The truth or falsity of proposi- 
tions involves a relationship between realms (see Chapter 
XXXIV, 10), parallel to the survival of biotic monads in the 
eosmogonic environment. Any considerations of truth and 
falsehood obscure the immense range of the propositions of pure 
logic, where an utterly false or absurd proposition is as real as 
any true one; the range of significance,® too, is no more a limita- 
tion than the range of truth. Our view agrees here with that of 
the neo-realists, that false propositions as well as true ones are 
subsistent. But any propositions which we may advance as ex- 
amples are drawn from later realms. Pure abstract logic uses 
the fact that there are terms in propositions, without concerning 
itself with what the terms or propositions connote. 

Nor are we here concerned with assertions or denials in 
propositions. We agree that, as Russell says, there is a differ- 
ence of some kind between an asserted and an unasserted propo- 
sition, and might even distinguish the two, as he does, by calling 
the latter a propositional concept.’ But for us, the asserting, 
as well as the mere entertaining of a proposition are psychologi- 
eal facts; they are neuropsychological pattern-reactions in which 
the constituent logical monads persist in their characteristic 
interactions (see 64.2411), but they do not exhaust the meta- 
physical significance of the logical processes. The same remark 
may be made for the logical judgment and for logical inference. 

A logie which aims to exhibit the logical forms in their pure 
abstract ontology must pierce beneath the grammatical sen- 
tences, in which any propositions which we express must neces- 
sarily appear; we must try to discern the underlying syntactical 
forms. Eaton says that the grammar of symbolism is the source 
of all special grammars; ® we might say that a syntax illustrated 

3B. Russell, Principles of Mathematics, pp. 43, 523. 

4B. Russell, Introduction to Mathematical Philosophy, p. 155. 

5 ef. tbid., p. 162. 

6 W. P. Montague and H. H. Parkhurst, Mind, N. S. 30, 1921, p. 173. 

7B. Russell, Principles of Mathematics, pp. 35, 526f. 

8R. M. Eaton, op. cit., p. 89. 
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in symbols is necessarily our way of indicating the source of 
all special grammars. Our attempt is to detect the structures 
and processes characteristic of pure abstract logical terms-in- 
propositions; the expression is hyphenated to suggest the insep- 
arable or organic connection of the components. 

(13.10). In the consideration of a term we arrive at one 
of the most elemental examples of (13.11) relative individua- 
tion. This is reflected for us in the principle of implicit duality 
of perception and of thinking (see Chapter I, 3), but this char- 
acteristic of later processes is only an exemplification of one of 
the more general ontological characteristics of all monads. The 
milieu here is (13.111) the non-possible, along with such 
(13.112) possibilities and relations as remain outstanding, with- 
out having been taken into the structure of terms. The syn- 
tactical forms and terms containing modal auxiliaries and de- 
noting possibilities seem to indicate conditions prior to those 
reflected in more nearly categorical terms and propositions. It 
appears that primarily the logical realm and consequently our 
whole cosmos is not rigidly fixed, but that it floats in possibili- 
ties and relations as yet immaterial and ‘‘inde-term-inate.’’ 
Terms are individuated relatively to (13.118) other terms; if 
not, the logical realm would be a homogeneous block. There 
is a (13.1131) dyadic relationship evident in the fact that a 
substantive or subject-term ordinarily gets expressed in some 
way which distinguishes it from terms which are subordinate 
to it. Sheldon says that the ultimate dyad, which he calls same- 
ness in difference, is not wholly a symmetrical affair. If we 
call the two elements of the dyad A and B, then A is the more 
significant. For B is in a sense dependent on A, which is more 
fundamental. If we did not add this last little touch, the 
distinction between A and B would evaporate. If there is some- 
thing in A which B has not, namely a certain fundamentality, 
then an ultimate difference has been named between them.® 
Of any two related terms, one is a relatum, the other a referent, 
according to the ‘‘sense’’ of the relationship.*° Often between 
two related terms there is a difference of inclusiveness. 

(13.12). It is plain that terms are differentiated within 
‘‘discourse,’’ although discourse may be too psychological for 
the logical realm. But this, provided they are also integrated 


9W. H. Sheldon, Strife of Systems and Productive Duality, 1918, p. 525. 
10 B. Russell, Introduction to Mathematical Philosophy, pp. 48f. 


TERMS-IN-PROPOSITIONS 387 


from relations, is enough to show that their individuation is 
convergent. 

(13.13). Doubtless if terms subsist, they subsist in various 
degrees of complexity of organization. Of the (13.131) simple 
and singular type—this being the level at which ‘‘singular’’ 
begins to take on for us its logical and grammatical meaning— 
a bare relatum, a (13.1311) rudimentary demonstrative ‘‘that’’ 
or “‘it,’’ is perhaps, at least as seen from our cosmic locus, the 
best example. In the simplicity of its structure it is compara- 
ble to the hydrogen nucleus. Ogden and Richards, quoted at 
the head of this chapter, have something of the sort in mind; 
the comparison would be improved by speaking of ‘‘protonic 
references.’’ According to Eaton, a simple symbol represents 
an object with the smallest possible amount of analysis, 7.e., 
with a zero analysis.11 There is some question concerning the 
simplest form of proposition. Haton thinks that we might speak 
of a single word as an unanalyzed proposition.2 Johnson 
thinks that a primitive, more or less unformulated proposition, 
which appears to be psychologically prior even to the most ele- 
mentary proposition which can be explicitly analyzed, is the 
exclamatory or impersonal.1® According to Bosanquet, the qual- 
itative judgment, for example, ‘‘How hot!’’, as the germ and 
simplest case of perceptive judgment, corresponds to a whole 
sentence in the bud, with its differences unevolved.1* White- 
head calls a proposition of the type ‘‘It is A’’ a primitive predi- 
eation.*> We would say that as soon as a rudimentary subject 
acquires a simple predicate, we have the parallel of a proto- 
hydrogen or hydrogen atom. The simplest propositions may 
be regarded either as (13.13111) integrations of relations or 
(18.13112) differentiations within larger bodies of propositions. 

Propositions composed of (13.1312) larger numbers of rela- 
tions offer (13.13120) several possible variants. The subject- 
term may (13.131201) involve one or (138.181202) more essen- 
tial attributes which have become inherent—parallel to simple 
atoms with electrons which have become fixed in the nuclei. 
These terms may be regarded either as simple or complex (see 
13.1383). There are also (13.181203) certain singular subject- 

11 R. M. Eaton, op. cit., p. 47. 

12 ibid., p. 184 n. 

18 W. HE. Johnson, op. cit., Part 1, p. 18. 


14 B, Bosanquet, Logic, 1911, Vol. 1, pp. 98, 102, 104. 
15 A, N. Whitehead, A Treatise on Universal Algebra, Vol. 1, 1898, p. 112. 


388 A WORLD OF EPITOMIZATIONS 


terms, the individual members of a plural or class. These may 
be simple and parallel to atoms of helium or to simple chromo- 
somes, or complex, denoting sub-classes, and parallel to more 
complex chromosomes. Each singular subject-term with its at- 
tributes is virtually a (13.1312031) proposition in its own right 
—at least ‘‘analytical propositions,’’ if not judgments,?® seem 
to be implied in such terms. Singular subject-terms, compacted 
together by relationships and references, but (13.13812032) re- 
taining some individuation, may constitute some of the more 
complex subject-terms considered below (see 13.183). Singular 
subject-terms may be (13.1312033) lost from plural terms, with 
changes in the connotation or denotation of the latter. Singular 
subject-terms (13.1312034) have important parts in processes 
of inference, which we interpret as processes of reproduction of 
terms-in-propositions (see 14.8324). It would seem also that 
terms of (13.1318) somewhat different types of stability and a 
minimum of structure might appear where some relations were 
mutually bound together in ‘‘concretions,’’ which are perhaps 
describable by prepositions or demonstratives, but which have 
not yet begun to crystallize more definitely into substantives 
with adjectives. 

(13.182). Any simple terms, or any complex terms to be con- 
sidered presently, may be compounded in limited aggregates, 
which are familiar as plurals. Such compounding or plurality, 
whether the result of (13.18211) aggregation or (18.18212) 
differentiation, is doubtless a stage necessary in the formation 
of complex terms. Any plural may be regarded as a class, 
but a class may be considered as a more extensive aggregate 
and studied at a later point (see 13.42). Induction and gen- 
eralization, too, are by us considered later than the simple for- 
mation of plurals (see 13.43). The compounding marked by 
plurals may be discerned both in terms and propositions; in 
the latter it appears in compound propositions connected by 
66é and. PMP Ba bh 

There seems ample reason to hold that (13.133) complex terms 
may be built up of simpler terms; Ogden and Richards speak of 
such a process as a ‘‘compounding of references.’’** Ordinary 

161, Kant, Critique of Pure Reason, transl. F. M. Miiller, 1920, Intro- 
duction, p. 5. 


17 Cf. W. E. Johnson, op. cit., Part 1, pp. 26f. 
18 ©. K. Ogden and I. A. Richards, Meaning of Meaning, 1923, pp. 1597. 
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collective nouns and nouns modified by adjectival nouns are other 
examples. EHaton’s theory of groups discerns other differences 
of complexity. He speaks of a (13.1831) first layer of facts, 
represented by symbolic groups whose elements are all simple 
symbols,—for example, ‘‘the sunshine on the ocean’’—and says 
that primary facts of the lowest layer may (13.1333) enter as 
wholes with other constituents to form new facts which will 
belong to the second layer—for example, ‘‘the sunshine on the 
ocean pleases me.’’ Then the group ‘‘I am happy because the 
sunshine on the ocean pleases me’’ represents a fact of a still 
higher type. Every phrase or sentence of any complexity is 
organized into groups within groups.?® It might be said that 
his examples are unnecessarily psychological, and also that it is 
not necessary to hold that here any element of unity is a con- 
stituent though not a term in the group; ”° this latter point’ for 
us marks a later level (see 13.48). But Eaton’s general prin- 
ciple we take to be sound. Any molecular proposition, 1.e., a 
proposition such as contains a conjunction,” unless its structure 
is too loose, may be said to exemplify such a process. 

(18.14). We assume that the subsistent logical terms are 
not changeless, but that their individuations are modified by 
their other monadic characteristics. Otherwise, in fact, they 
become a kind of cosmic lumber-room, only fitfully illuminated 
by the moonlight of poetic fancy. Perhaps the ending 
‘*-ation,’’ often encountered in terms, is a trace of processes 
entered upon or completed. 

(13.20). It may be thought possible for a term to maintain 
itself subsisting in isolation. The weight of tradition is on this 
side, and most arguments which seem to show plasticity in logic 
after all show only plasticity in psychology. Doubtless, as 
Dewey holds, a concept is an active attitude,?? and doubtless, 
as Woodbridge says, ideas gain steadily in clearness by dialectic, 
by being ‘‘said: through’’;?* but both statements are too psy- 
chological for us here. The view that there are interactions 
in pure logic must be judged by the ease and fulness with which 
it covers the ordinary logical processes, as well as by its con- 


19 R, M. Eaton, op. cit., pp. 487f. 

20 ibid., p. 104, n. 1. 

21 B, Russell, Our Knowledge of the External World ... , 1915, p. 54; 
cf. R. M. Eaton, General Logic, pp. 26ff. 

22 J. Dewey, How We Think, p. 128. 

23H, J. E. Woodbridge, The Realm of Mind, pp. 69f. 
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sistency with the other features of the hypothesis of epitomiza- 
tion. 

According to this hypothesis, the connection between a term and 
a term-in-a-proposition is fundamentally the connection between 
individuation and interaction. A term by its individuations 
gradually qualifies or ‘‘defines itself,’’ and the result which 
thus arises is a proposition. The difference between a term and a 
term-in-a-proposition is not a difference of level, any more than 
that between an atomic nucleus and a nucleus with peripheral 
electrons is a difference of level. A term, relatively individu- 
ated, is defined by selections and rejections among its possible 
predicates. But selections in the realm of pure abstract logic 
must be vastly broader than they are after considerations of 
the validity of propositions have entered in. The only limit 
which can be suggested is the ‘‘non-possible,’’ and for reasons 
which were indicated above, these limits can not be deseribed. 
The bounds of possibility are much broader than those suggested 
by Russell when he says that every propositional function ¢() 
has in addition to its range of truth a range of significance, a 
range within which x must lie if ¢(a) is to be a proposition at 
all, whether true or false.** The two views might be adjusted 
by the statement that any possible statement is significant, 
although not necessarily in the existent world. An indirect 
way of saying that interactions are selective is by the use of the 
null class, indicated by 0, but this is a kind of negation (see 
13.22052). 

(13.21). The individuation of terms, according to the view 
here taken, is maintained by selective appropriations, (13.211) 
ineorporative and (13.212) non-incorporative, with (13.2111, 
13.2121) a milieu, (18.2112, 13.2122) prior logical monads, and 
(13.2118, 13.2123) cognate monads. We hold that such ap- 
propriations are, in pure logic, what we know as affirmative 
predications; that possibilities when incorporatively appropri- 
ated result in modal forms of the verb ‘‘to be’’; that relations 
when incorporatively appropriated become predicated attributes, 
and that terms when incorporatively appropriated become ap- 
positives; that possibilities and relations when non-incorpora- 
tively appropriated result in modal forms of transitive verbs or 
in prepositional phrases; and that terms when thus appropriated 
become objects of transitive verbs. These, with corresponding 


24 B. Russell, Principles of Mathematics, p. 523. 
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processes of rejection, as well as reproduction, will make pos- 
sible a new approach to problems of intensional logic, consider- 
ing the latter not as an analysis of concepts, but as an analysis 
of the processes and structures exhibited by subject-terms in 
taking their predicates or attributes. But before proceeding 
with the detailed treatment, several objections need to be noted. 


Among the more formidable reasons for the neglect of such inter- 
pretations as ours is that (1) the development of symbolic logic has 
not been favorable to a calculus of concepts in intension. With re- 
gard to any given predicate, it is easier to proceed extensionally, deal- 
ing with the class of all those things denoted by some elass-concept, 
than intensionally, dealing with the predicate or concept of the class.?® 
Coutourat says that a calculus in intension is impossible.2* Russell 
says that the intensional view of propositions derived from predica- 
tion is in the main irrelevant to symbolic logic, although in a caleulus 
of relations, which he identifies with class concepts, it is better to take 
an intensional view.?7 For Lewis, the calculus of logic neither re- 
quires nor derives important advantage from the point of view of 
intension,?® although in his “strict logic” implication is treated in- 
tensionally.2® Lewis’s treatment of extension and intension involves 
his views of (a) implication, (b) empty classes, and (c) negation. He 
thinks that (a) the most serious difficulty for the older attempts is 
that a caleulus of concepts is not a calculus of things im actu but only 
in possibile.2° He holds also that (b) the relation of classes in ex- 
tension is entirely analogous to their relation in intension except where 
the class 0 (an empty class) or the class 1 (the universe) is involved. 
He says that we readily understand the inclusion of an empty class 
in some other when the concept of the one involves the concept of the 
other. Predicating something of an individual x which does not exist 
should be distinguished from asserting that an empty class a, which 
exists though it has no members, is included in some other 6.34 More- 
over, (c) Castillon’s attempt at a logic of intension happened to hit 
upon a method in which nothing is ever added to or subtracted from 
a determined concept S or A except an indeterminate M or N or P.*®? 
We can not discuss all of Lewis’s treatment in detail. His view in- 
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volves not only questions of epistemology and logical validity, but ques- 
tions of existence, which we think do not belong in pure logic; for us, 
the schema of logic is indicated primarily not by concepts, exist- 
ences, and validations but by the monadic characteristics, and possi- 
bilities are subsistent monads in their own right (see 11.00). Lewis’s 
view also involves questions about universals; for us, with the 
principle of implicit duality, even the class 1 excludes whatever 
in a given ease is taken to be its enotative milieu, so there is no 
reason why the relationship of its classes in extension might not be 
analogous to their relationship in intension. Even the law that every 
class includes a null class, which to us is a way of expressing the 
principle of innotation (see Chapter I, 3), could be reconciled with 
rejections and exclusions incident to negative predications, or denials. 
Lewis’s view involves other questions about negatives, but for us these 
are always to be left in some respect indeterminate, and would not 
necessarily vitiate a calculus, provided the latter contained expressions 
for indeterminates. And such a ealeulus might correlate attribution 
in intensional logie with distribution in extensional logic. 

Another and related reason for the lack of such interpretations as 
ours is that (2) the ground is thought to be covered by the logie of 
relations. Russell treats these in intension,** while Lewis treats them 
in extension.** But the logic of relations as thus far developed seems 
to treat only a few special cases of relations between terms, and, as 
we shall hope to show, is covered adequately by the monadic charac- 
teristics of various logical levels. 

If we go further back into the history of philosophy, we find that 
the interpretation here suggested has been out of favor because of (3) 
dread of the theory of association.*® For us, the theory of associa- 
tion is a part of psychology, not of pure logic, and in psychology it 
has proved itself in one form or another to be a permanent factor. 
Once more, the interpretation has been avoided because of (4) the 
absurdity of some of its apparent implications when it is conceived 
in terms of the copy-theory of ideas. When we say “the wolf eats 
the lamb,” as Bradley saw, the relation is not a factual connection 
between events in one’s head, and what is meant is no psychical con- 
junction of images. Bradley held that in the particular scene there 
are details which disappear in the universal idea.2* "Woodbridge 
thinks that a proposition is never in any sense like the thing it pro- 
pounds; its effect is not photographic but communicative.*7 Eaton, 
however, holds to a kind of correspondence; he says that to the ele- 
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35 cf. F. H. Bradley, Principles of Logic, Vol. 1, pp. 14, 299/77. 

86 ibid., Vol. 1, p. 12. 

87 F, J. E. Woodbridge, op. cit., p. 61. 


TERMS-IN-PROPOSITIONS 393 


ments of a symbolic group correspond elements of the object which 
might be meant by the group as a whole.*® But for the copy-theory 
of ideas it is not necessary that there should be a correspondence 
between objects and images or terms; a correspondence of relations 
is quite sufficient,*® and it is precisely a correspondence of relations, i.e., 
of monadic characteristics, which the hypothesis of epitomization sup- 
plies. Again, the interpretation here advocated has not been in favor 
among writers who have followed the absolutists in (5) their doctrine 
that the universe is the true subject of all propositions,*® or have fol- 
lowed Bosanquet in his doctrine of the “ conerete universal,’ hold- 
ing that while in propositions subjects and predicates are isolated parts 
of an extended whole, still in a judgment, subject and predicate, in- 
stead of being relations between ideas, are differences within an iden- 
tity.44 But the hypothesis of epitomization is as friendly to any or- 
ganic view as is Bosanquet’s logic; in its interpretation of processes of 
intension it is merely working out a more thorough analysis of the 
“organic” feature of logic, parallel to organic processes of ingestion 
and excretion and their consequences. 

An objection which is widely current is rooted in (6) distrust of the 
whole subject-predicate relationship. Whitehead regards the whole 
idea of subject qualified by predicate as a trap set for philosophy by 
the syntax of language.** Russell associates the subject-predicate 
logic with the view that matter is a substance, and tries to analyze 
propositions in the subject-predicate form into relations between 
events or to substitute for such propositions statements regarding the 
resemblances and differences of classes. He thinks that a subject- 
predicate form may be right, but that no facts can be conceived which 
would give reason for preferring this form of statement, since any 
ascertainable fact can be interpreted equally well in terms of classes.** 
Elsewhere he says that a method of replacing relational propositions 
by such as ascribe predicates to subjects may succeed so long as con- 
fined to symmetrical relations; those that do not imply diversity, if 
they are transitive, may be regarded as asserting a common predicate, 
while those that do imply diversity may be regarded as asserting in- 
compatible predicates. Such a method is formally possible, though 
often very inconvenient, so long as the relations concerned are sym- 
metrical, but is formally impossible when the relations are asymmetri- 
eal because both sameness and difference of predicates are symmetri- 
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cal.44 But any relation, no matter how asymmetrical, if not expressible 
in a single proposition, can be expressed in a compound proposition, or 
in a number of propositions together. The views of Whitehead and 
Russell are evidently influenced by preoccupation with the logic of ex- 
tension as used in mathematics, as well as by opposition to older doe- 
trines of substance; but, if it be granted that the subject-predicate 
form, by its non-incorporative rather than incorporative appropriations, 
accommodates relational propositions with transitive verbs, ete. (see 
13.212), every one of their statements in attack upon this form really 
uses or implies the form and depends upon it. An appeal to the differ- 
ing grammars of various languages is inconclusive; as Eaton says, every 
language, if it contains no other distinctions of function among its 
words, will differentiate substantives from modifying words.*® The re- 
course to symbols means merely the employment of a shorthand for sub- 
jects and predicates. It would seem that logic might learn something 
from its predicament, and set about the task of naturalizing predication 
within it in a way to connect the logic of propositions with that of 
relations, classes, and implication. 


In our proposed interpretation, it can not be demonstrated 
that a term interacts with (18.2111, 18.2121) the non-possible; 
but the non-possible, after all, serves only as a limiting milieu. 
Bosanquet says with reference to remote suggestions generally 
that failure to demonstrate impossibility can almost always be 
secured by a high degree of remoteness or abstractness. Reality 
ean not contradict a suggestion which has no point of contact 
with reality.*° Incorporative appropriation of (13.2112) pos- 
sibilities is indicated by shifts to meanings expressed by adjec- 
tives ending in ‘‘-able’’ or ‘‘-ible.’’ This is often disregarded ; 
Lewis holds that for a workable caleulus of ordinary inference 
the ideas of possibility and impossibility are unnecessary com- 
plications.** 

Incorporative appropriation of a relation by a term is exem- 
plified in ordinary predication, where an adjective or adjectival 
property is predicated of a subject by the use of some form of 
the verb ‘‘to be,’’ although, according to our view, the whole 
process is elliptical, and the ordinary proposition with the 
copula ‘‘is’’ indicates not so much the process as its result. 
Putting it crudely for the sake of the point, and borrowing 
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from the German for the sake of the parallel, the process 
whereby a term ‘‘ist’’ something is parallel to the process 
whereby an organism ‘‘isst’’ something. The fact that some 
languages lack the verb ‘‘to be’’ does not indicate that this 
operation is not fundamental, but merely that it has not been 
formulated in communicable shape. According to this view, a 
proposition should be interpreted somewhat as a chemical equa- 
tion or an equation in mechanics. For instance, anticipating 
for the moment results which are reached below (see 13.252), 
the proposition, ‘‘The tree is green,’’ if regard were had for 
its inner logical structure, would be expressed in some such 
clumsy phrasing as ‘‘That which was the term ‘tree’ now by 
incorporatively appropriating a relation ‘green,’ becomes the 
term ‘tree-with-the-attribute-green,’ or ‘the green tree.’ ’’ 

One should not be misled by the illustration; any illustration 
is inadequate to picture processes in the realm of pure logic. 
Green, if any one insists, is not a relation (e.g., of likeness to 
some other possible or actual subsistent terms) at all, but a sense 
quality. The sense quality belongs to the psychology of the 
situation; some might argue that even the tree does. But in 
common with the realists, who always emphasize the indepen- 
dence of the existent world, we postulate an independent con- 
nection or tie between the datum for our experience of green 
and the datum for our experience of the tree. Then we go 
further and, looking beyond the existent for the subsistent, we 
postulate a similar independent connection or tie between a 
term and an attribute. In the subsistent, however, there is no 
more necessary connection between ‘‘tree’’ and ‘‘green’’ than 
between ‘‘tree’’ and ‘‘blue.’’ Some exception may be taken to 
our use of the temporal ‘‘was’’ in the interpretation; it refers 
to a type of logical succession in itself not necessarily temporal, 
but at any rate now refracted to us through time, as time char- 
acterizes the realm of geometry-kinematics and subsequent 
realms. 

This view of predication as appropriation finds support in 
several writers. Thus, although Bosanquet’s doctrine of judg- 
ment bears admixtures of psychology, he understands the sub- 
ject primarily as a designation and the predicate primarily as 
an attribution; the idea of concrete individuality clings to the 
subject and that of specially selected determination to the 
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predicate.*® True, he thinks that we do not begin with a ready- 
made subject to which a predicate is added by subsequent 
transition, but he goes on to say that judgment is primarily the 
intellectual act which extends a given perception by attaching 
the content of an idea to the fact presented in the perception.*® 
Bradley says that in the act of assertion we transfer a loosened 
adjective to and unite it with a substantive.®° Eaton notes 
that one usually means by a word something less than an object 
with all its possible predicates and relations, and so the object 
can be viewed as entering into new relations and acquiring new 
predicates; concepts enlarge themselves by including more and 
more of the predicates and relations meant.®* Russell, less 
psychologically, says that wholes occur which contain relations 
or what may be called predicates, not occurring simply as terms 
in a collection, but as relating or qualifying.®? 

Terms also exhibit incorporative appropriations of (13.2113) 
other terms. If the proposition is, for example, ‘‘the sun is a 
star,’’ we may, again anticipating the results of a process, in- 
terpret it by saying ‘‘That which was the sun, by incorpora- 
tively appropriating a group of relations—among them the 
relation signifying membership in a (13.2114) class—comes to 
have the properties pertaining to stars.’’ This view is ap- 
parently in accord with that of Lewis, for whom ‘‘p—q’’ re- 
mains a primitive idea, the idea that one set of symbols may be 
replaced by another.®* A smoother interpretation would treat 
the proposition as a variant of ‘‘The class of stars has incor- 
poratively appropriated that which was the sun’’ (see 14.2112). 
Russell says that we may, if we wish for a genuine relation 
of classes, regard the assertion as one of whole and part 
between the two classes, each considered as a single term.** 
Symbolic logic recognizes a process of absorption, according to 
which ‘‘ ‘p implies q is identical with p’ is equivalent to ‘both 
pandq.’’’ It is called the law of absorption, because it shows 
that the factor g in the product is absorbed by the factor p if p 
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implies g.°° This raises many questions about identity and 
implication, but carries with it the essential point that one of 
two terms may be merged with another. 

The judgment of identity offers special difficulties, but any 
theory of this judgment must in some manner adjust itself to 
difficulties. For us, the judgment ‘‘ is identical with y’’ means 
that one of these has appropriated not all, but so many of the 
relationships of the other that the remaining relationships or 
attributes of both may be neglected, innotatively or enotatively, 
and one term may be regarded as having supplanted the other. 
This is closely allied with the view of Montague, according to 
whom all propositional relations may be resolved into the basic 
relation of identity, but the judgment of identity involves iden- 
tity of denotation with diversity of connotation.®® It recalls 
Lewis’s treatment of ‘‘p—q’’ as a primitive idea that one set 
of symbols may be replaced by another.°* We might say that 
the judgment of identity represents the limiting case of ap- 
propriation of the possibilities and relations of one term by 
another, recalling Whitehead’s view that equivalence has refer- 
ence to a purpose in view and that identity may be viewed as a 
special limiting case of equivalence.*’ 

If the judgment is one of self-identity, ‘‘a is identical with 
a,’’ we interpret this as the indication that a process has failed 
to produce any new result. It might be read ‘‘a is unaffected, 
and, disregarding relations, attributes, and possibilities left eno- 
tative or innotative, remains itself.’’ Russell says that we have 
to admit non-symmetrical relations of terms to themselves; 
there may in fact be two different relations which are each 
other’s converses, and each of which holds between a term and 
itself.°* In general, the admission of enotative or innotative 
references will help to meet Bridley’s critique of the judgment, 
to the effect that in removing the difference between subject 
and predicate we have removed the whole judgment;*® the 
difference between subject and predicate has been removed 
merely to the region of enotative and innotative reference, and 
thus, in Bradley’s own words, the statement that the subject is 
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the same implies and may be meant to convey the truth that the 
attributes differ.°° Our recognition of innotative references 
here is in line with Eaton’s view, that ‘‘x is identical with y’’ 
tells us that a single fact permits different analyses; * but in 
pure abstract logic we should not need his more psychological 
account, to the effect that the assertion ‘‘x is x’’ informs us 
that something is singled out, fastened on by the attention, and 
referred to through symbols. 

Similar interpretations can be made of definitions and of 
judgments of equality and equivalence. For Bradley, equation 
is an indirect way of stating difference; he says that whenever 
we write the equality sign there must be a difference, or we 
should be unable to distinguish the terms we deal with.®* For 
Whitehead, the proposition asserted by b=b’ consists of a 
truism, the partial identity of 6 and 0’, and a paradox, the dis- 
tinction between them, and these things, being different, must 
have in some relation diverse properties. He says that two 
things are equivalent when for some purposes they can be used 
indifferently.©* It would be better to speak of identity in the 
realm of logic, equality in the realm of number, and equivalence 
in the realm of geometry-kinematics; but the ‘terminology is 
confused.® | 

(13.212). Non-incorporative appropriation is, on this inter- 
pretation, exhibited in propositions containing transitive verbs 
—propositions so long either excluded from logie or distorted 
into the subject-copula-predicate form when brought into it. 
Alexander distinguishes between an attribute which inheres in 
its substance and a relation like that of quantity, space, time, 
or quality which does not inhere.*® The line between incorpora- 
tive and non-incorporative interaction is hard to draw; this is 
especially true in the use of the word ‘‘has.’” Bertrand Russell 
holds that the fundamental relation is that of subject and 
predicate, expressed in ‘‘Socrates is human.’’ The first relation 
that grows out of this is the one expressed by the statement 
‘*Socrates has humanity.’’ ®? Other verbal forms on the border 
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line between incorporative and non-incorporative are ‘‘con- 
tains,’’ ‘‘includes,’’ ‘‘comprises,’’ ‘‘appropriates,’’ or some 
form of ‘‘is’’ with a participle. These show how the non-in- 
corporative appropriation tends to pass into the incorporative 
or vice versa and recall the view of Boole, to the effect that verbs 
were signs of relation but could be reduced to ‘‘is’’ or ‘‘are.’’ © 
Any transitive verb, as the sign of a relation, is if affirmative 
an example of non-incorporative appropriation, even though its 
concrete meaning is ‘‘reject,’’ ‘‘repulse,’’ ete., quite the opposite 
of ‘‘appropriate.’’ We must consider the abstract form, not the 
concrete content of the process. 

Non-incorporative appropriation of (13.2122) possibilities is 
most evident in the modal or ‘‘auxiliary’’ forms of transitive 
verbs. Appropriation of relations is most evident in verbs 
which require prepositional prefixes, suffixes, phrases, or ‘‘indi- 
rect objects’’ to complete their meanings. Often the word which 
indicates what is appropriated is suppressed, as when we say 
‘‘The man goes.’’ The clearest cases of non-incorporative ap- 
propriation are (13.2123) those in which a term is explicitly 
stated as the object of a verb. Thus we might interpret the 
proposition ‘‘The tree shades the rock’’ as ‘‘That which was 
the tree, by non-incorporatively taking the rock in the relation- 
Ship of ‘shading,’ becomes the rock-shading-tree.’’ Here also 
the object is often suppressed; as Russell says, in intransitive 
verbs the notion expressed by the verb is complex and usually 
asserts a definite relation to an indefinite relatum, as ‘‘Smith 
breathes.’’®® Bosanquet says that in the judgment ‘‘Caesar 
crossed the Rubicon,’’ on the one hand we analyze the individual 
whole that is called Caesar by specifying one of the differences 
which may be considered as a part within it, and on the other 
hand construct or make synthesis of the individual whole in 
question by exhibiting it as a whole that pervades and absorbs 
in itself each or all of its differences.” But this interpretation 
is better suited to incorporative appropriation, and fails to dis- 
tinguish adequately between the proposition ‘‘Caesar crossed 
the Rubicon’’ and a proposition like ‘‘Caesar is the Rubicon.’ 

Where one term non-incorporatively appropriates another, 
the terms are parallel to some cases where two atoms are joined 
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by shared valence electrons. Many relational propositions may 
be considered as eases of such appropriation. Russell says it 
might be held that all propositions not of the stiibject-predicate 
type and not asserting numbers could be reduced to proposi- 
tions containing two or more terms and a relation, although 
Russell himself thinks there are no good grounds for this.” 
Johnson says that in general out of a relational adjective we 
may construct a completed adjective by supplementing the 
substantival reference.’? Still another interpretation of non- 
incorporative appropriations is possible, just as in the case of 
other monads; the process may be considered as the individual 
aspect of a collective process of aggregation. As Bradley says, 
if we say ‘‘A is to the east of B,’’ it is unnatural to consider A 
as the sole subject and B as attributive.”? 

(13.22). According to our interpretation, subject-terms also 
exhibit rejections, familiar to us in negative propositions. Here, 
as elsewhere in the logical realm, we must keep as clearly as 
possible away from problems of psychology and epistemology. 
As Eaton says, a negative must be such that it can be entertained 
as a possibility for thought, without any consideration whatever 
of any object that it might mean or any other proposition might 
mean."* We can not present an exhaustive treatment of the 
very complex subject of negation, which properly comprises 
exclusion, denial, the use of ‘‘nothing,’’ and pairs of terms 
identical except for the fact that one is prefixed with ‘‘not-.”’ 
Of these topics, the last-mentioned is treated below (see 13.25322, 
13.32118, 14.33335), as are double negatives (see 18.23113, etc.), 
and universal negatives (see 14.33246, etc.). 

The first (13.220) general consideration is that the negative 
(13.2201) fundamentally implies the exclusion of a milieu which 
is thus left enotative, or sometimes innotative. The primary 
type of negation we take to be the negative of exclusion, 1.e., 
reference to the logical milieu which is indicated enotatively or 
innotatively for any given a by its contradictory not-a. This 
negative of exclusion is what Sheldon calls otherness as dis- 
tinguished from denial.”* This negative has played an im- 
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portant part in symbolic logic where, if @ is any element, the 
negative is indicated by -a. It is defined by the postulate that 
for every element a there is an element -a such that if x and -a 
have nothing in common, then x and a have x in common; and 
if y and a have y in common, and y and -a also have y in com- 
mon, then y is equal to zero.”° This raises several questions which 
we have to consider later, especially the problem of ‘‘zero’’ (see 
13.2205, 13.413). Not-a is for us the utterly indeterminate 
limbo to which is relegated everything incompatible with a. De 
Morgan called the universe of discourse both a and not-a;™ for 
us, the former is known connotatively or denotatively, and the 
latter enotatively or innotatively. In the Boole-Schréder algebra 
of logic, 0 is the null class or class of no members, and the con- 
vention is required that this class is contained in every class “— 
for us, a plain indication of innotation. In the algebra, 1 is 
the symbol for the universe of discourse, or the class which 
contains every entity in the system, and is the negative of the 
null class, ‘‘nothing.’’™® Because of these definitions, some 
theorems of the Boole-Schréder system would hold on our inter- 
pretation, but there would be many divergences, too numerous 
to trace through in detail. For instance, among the elementary 
theorems, ‘‘a: -b =0 is equivalent to a-b =a and to a implies 
b’’ would hold; but the theorem ‘‘If a implies 0, then a==0”’ 
would not necessarily hold, because in the ‘‘proof’’ the innota- 
tive or enotative term 0 is substituted for the connotative or de- 
notative term b of the former theorem. 

Along with negatives of exclusion, we have, according to 
Sheldon’s distinction, negatives of denial. In a_ denial, 
(13.2202) rejected attributes, at least so far as the rejecting 
monad is concerned, are relegated to the enotative or innotative; 
thus ‘‘a is not b’’ means that, so far as a is concerned, b is dis- 
missed, but means nothing more concerning either a or b. The 
enotative or innotative reference gives every negative its inde- 
terminateness. Eaton notes that the negation is essentially un- 
specific in reference and that to make it specific is to rob it of 
its negativity. Any proposition which is distinct in meaning 
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from ‘‘The sun is shining’’ is a possible interpretation of ‘‘The 
sun is not shining.’’ ®° 


The process of rejection into a region of enotative reference as ex- 
hibited by propositions properly includes logical subtraction, which for 
various reasons has been all but excluded from symbolic logic. Lewis 
says it is possible to define subtraction in the Boole-Schroder algebra 
of logic by letting a— b be x such that b + 2—a, but that it is more 
trouble than it is worth. It is impossible to give the relation a—b 
a general meaning. If a—b is an element « in a class K, then for 
some x it must be true that b-++2—a. But if a and bd be so chosen 
that “b implies a” is false, then a — b can not be any element in K.*? 
The situation, we should say, is parallel to that in numerical subtrac- 
tion where the subtrahend is greater than the minuend, and in order to 
give the operation a general meaning, we have the convention of nega- 
tive numbers. What is needed in the logical operation is some recog- 
nition of K’s enotative region, if not some convention regarding 2 
as a member of it. Lewis says, again, that a—b is ambiguous; it 
might be expected that, symbolically, since a+ -a—1, the value of 
1—a, would be unambiguously -a; but 1—a— vz is satisfied by any 
az such that -a implies z.8 But this demonstration, we should say, 
makes an affirmative statement about -a, that it implies 2, thus reducing 
what is properly an enotative term to the connotative-denotative region. 
Whatever -a implies is, properly speaking, as indeterminate as -a. 
itself. That a logical notation may be defective because it involves an 
indeterminate is recognized by Lewis in dealing with Castillon’s work 
on negation.®* Another difficulty with logical subtraction, according to 
Lewis, is that it is not in all cases the true inverse of logical addition; 
for in the cases where two concepts a and b have any part of their 
connotation in common (for instance, when a and b are both regarded as 
“things”’), then (a+b) —b will not be a, but only that part of a 
which does not belong also to b.53 But this seems to introduce unnec- 
essary complications, which, if not epistemological rather than logical, 
at any rate would not be admitted in the numerical operation, where 
some features that a and b might have in common could be left out of 
account. Whitehead notes that owing to difficulties with the associative 
law the process of logical subtraction is not of much importance, and 
the results involved can be otherwise obtained. The difficulty is that 
negative terms in combination with positive terms do not obey the 
associative law;%4 or, as we should put it, provision must be made for 
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an enotative region of indeterminate values. In Lewis’s solution by 
the use of an equation of condition, v is undetermined.*® 


Quite apart from logical subtraction, a process of rejection 
into an enotative region is involved in substitution (see 13.23116, 
ete.). Rejection with indeterminate reference is involved in 
logical elimination, according to which any set of equations 
may be combined into a single equation; any equation involving 
a term x may be given the form Ax + B(1— 2x) =O; and the 
result of eliminating x from such an equation is AB —0.* 
The solution of any such equation has v undetermined. Venn, 
in fact, says that one of the most essential characteristics of 
logical elimination is loss of precision or determination.®* 

Sometimes the result of a rejection is not indeterminate. 
Thus a by the removal of b may become definitely c; here the 
enotation appears in the fact that no further account is taken 
of the dismissed b. H. M. Sheffer has shown that if, in any list 
of primitive ideas for logic, both negation and disjunction are 
primitive, they may be replaced by the single primitive idea of 
rejection, ‘‘neither p nor q.’’®® Sheffer’s primitive idea of 
rejection, according to our view, is a double rejection, 1.e., the 
rejection of both p and q, and is better dealt with not as nega- 
tion, but as negative disjunction (see 14.33246). — 

Ordinary denials are (13.2203) secondary to affirmations. 
Bosanquet emphasizes significant denial as having a positive 
ground; significant negation begins when positive differents 
claim the same place in the same system.®® Bradley notes that 
in the negative judgment, ‘‘ The tree is not yellow,’’ where yellow 
is denied, the positive relation of yellow to the tree must precede 
the exclusion of that relation. Again, in the judgment ‘‘A is 
not B,’’ this is the case because A is such that if it were B it 
would cease to be itself.°° In other words, (13.2204) an affir- 
mation has been attempted, but has failed; an attribute has 
been tentatively appropriated but rejected as incompatible. 

The process of negation (13.2205) raises questions concerning 
conditions referred to symbolically by 0, ‘‘zero.’’ Strictly 
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speaking, for the logical realm one should use the term ‘‘noth- 
ing’’ or ‘‘null,’’ for the numerical realm ‘‘zero,’’ and for the 
geometric-kinematical realm, except in assigning numerical 
values to coordinates, the term ‘‘origin.’’ The term ‘‘nothing’’ 
in logic sometimes means (13.22051) the enotative region, in- 
discriminately ; an example is Bradley’s view that the universe, 
taken absolutely, has ‘‘nothing’’ outside it.°t Hardly distin- 
guishable from this is (13.22052) the use which makes the term 
a point of abandonment, or threshold of neglect, as when 
‘‘null’’ is used for an empty class in a series of classes, or when 
we say ‘‘The speech was nothing but propaganda,’’ and neglect 
its other features. Another important use, closely related, is 
to indicate (13.22053) an indeterminate element or region serv- 
ing as a boundary between other elements or regions, and usually 
left not so much enotative as innotative. In the ‘‘definition’’ 
of -a (see 13.2201), when ‘‘nothing’’ or ‘‘zero’’ oceurs it can 
be given the meaning of ‘‘a boundary.’’ If applied to contra- 
dictories in logic, this would make the law of excluded middle 
refer to a boundary condition, a region left not exactly enotative, 
as not-a, but innotative, between a and not-a. 

Furthermore, (13.2206) affirmation and denial may be in- 
volved in the disintegration or reduction of a proposition until 
it loses its meaning. Thus we may affirm that a matter ‘‘is 
nothing,’’ or we may wear down a subject-term by successive 
denials. Nicod, in showing that the truth functions can be 
defined in terms of the formal principle of incompatibility, de- 
fines negation or not-p, as p’s incompatibility with itself; °? p’s 
incompatibility with itself means loss of individuation, failure 
to survive, and disintegration into the enotative milieu. In 
symbolic logic, if an equation is not in the form in which one 
member is zero, it may be given that form by multiplying each 
side into the negative of the other and adding the products ** 
—that is, we should say, when each member is banished into the 
enotative and choice is made, or attempted, between what is 
left, the monad’s interactions cease because of the lack of any- 
thing to exhibit them. 

Examples of (13.221) ‘‘ineorporative’’ rejection are easy to 
see in denials of the affirmations which employ the verb ‘‘to be’’; 
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and (13.222) non-incorporative rejections may be traced in 
denials employing other verbs. 

(13.23). The processes of affirmation and negation are com- 
bined in various ways, as the structure of any fairly long sen- 
tence shows. There are, first, (18.23111, 13.23121, 13.23131) 
combinations of similar incorporative appropriations, indicated 
by the conjunction ‘‘and’’ in affirmations which are reiterative. 
Such a proposition does not sound very important; its apparent 
lack of significance is indicated in the so-called ‘‘index law’’ 
of the Boolean algebra.** According to Johnson, the content of 
what is said is not affected by reassertion,®> but such reiterative 
processes may be important for logical continuity and consis- 
tency. Venn saw that so far as the logic of relatives is culti- 
vated we certainly demand some relaxation, if not entire rejec- 
tion of the law that xx=—~-7.°* Similarly, there are (18.23112, 
13.23122, 13.23132) combinations of similar incorporative rejec- 
tions, indicated by reiterative denials, connected by ‘‘and’’ or 
éé 9?) 

Combinations of (13.231138, 13.23128, 13.23133) similar ap- 
propriations and rejections are illustrated by propositions like 
‘‘The sun is now shining, now not shining,’’ with similar con- 
structions for double negatives. Such propositions register 
changes or revisions in the logical structure, especially if a 
process fluctuates. There are countless (13.23114, 13.23124, 
13.231384) combinations of different appropriations—for exam- 
ple, ‘‘The man is good and true.’’ The (13.23115, 13.23125, 
13.23135) combinations of different rejections include denials 
of two or more different predicates, connected by ‘‘and’’ or 
‘‘nor.’? When we pass to (18.23116, 13.23126, 13.23136) com- 
binations of different appropriations and rejections, we find 
propositions in which the predicates are connected by the con- 
junctions ‘‘and not’’ or ‘‘but,’’ or ‘‘but not.’’ This process is 
particularly prominent in substitutions, as when a subject-term 
appropriates one attribute and rejects another. Lewis points 
out that in Principia Mathematica substitution, for which no 
postulates would ordinarily be stated, is one of the fundamental 
operations. He also uses it in his ‘‘strict implication,’’ where 
it is stated that of any pair of relations related by (=) one 
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may be substituted for another.” A propositional function al- 
lows any one of a number of substitutions,®°* but propositional 
functions, as well as generalizations, are best understood in later 
connections (see 13.43, 14.2533). We may postulate (13.23117, 
13.23127, 13.28137) serial appropriation and rejection in suc- 
cessive or progressive adjustments of relations, ete., among 
terms; such adjustments would subsist prior to time, though 
refracted to us through the medium of the intervening realm 
of geometry-kinematics. There seems to be no reason either 
for including or excluding from pure logic ?? (13.23118, 
13.23128, 13.23188) rhythmic or oscillatory changes, such as 
often characterize our tentative judgments in the neuropsycho- 
logical realm. 

The interactions of terms with cognate terms afford, in par- 
ticular, processes of (13.231391) preemption. They include 
cases where one term, a, appropriates or rejects, and another 
term, b, does not, and they may be expressed in disjunctive 
propositions with one member affirmative and another negative. 
Logical disjunction will be considered below (see 14.838244). 
In the widest reference, this preemption covers the relationship 
between contradictories, a and not-a, and the relationship when 
everything is either p or g, where p and q are coexhaustive. 
The relationship of incompatibility, which Nicod has made funda- 
mental in deduction, may also be viewed as an example of this 
process.*® Processes of (13.231892) conflict are found where one 
term appropriates, and another is appropriated wholly or in 
part. Where the appropriation is total, we may have an equiva- 
lence, or a definition. Russell points out that definitions use one 
relation, but that it might be clearer to think of two relations, 
or one relation with two components, the direct and the in- 
verse.'°° Jf the appropriation is partial, we have the situation 
exhibited in ‘‘conjunction’’ or logical multiplication, indicating 
what a and }, for instance, have in common. Merely from the 
result of such a conflict one can not determine anything definitive 
regarding the conflicting monads. The attempt to do this consti- 
tutes logical division; the process, however, is indeterminate 
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because so much has to be left enotative.°? Processes of 
(13.231393) reinforcement may be seen in some reiterations, but 
particularly in the propositions which at our level constitute a 
fortiori arguments.1%? Reinforcement appears also to be a gen- 
eral characteristic of processes of inference, where one proposi- 
tion is exhibited as the ‘‘ground’’ of another (see 13.32111). 
Processes of (13.231394) exchange are seen in logical conversion 
and in the commutative law of logical multiplication.+” 

Of (13.2321, 18.2322, 18.2323) non-incorporative processes, 
the most important are those where (18.232392) one term non- 
incorporatively appropriates and another is appropriated; this 
gives us the distinction between the active and the passive voice. 
The appropriation may be viewed as partial, affecting only the 
relationships of the two monads. Thus Johnson says that when 
the relation is expressed by a transitive verb, the opposition be- 
tween active and passive expresses the mutual implication of 
correlatives.°°%° For Whitehead, the doctrine of significance of 
factors within fact necessitates the admission that awareness re- 
quires a dual cognizance of factors as signifying and signified ; 
this may be presented as an active or passive cognizance of the 
entity—active, for its own sake, or cognizance by adjective; 
passive, for the sake of the other entity, or cognizance by re- 
latedness. Each of these cognizances presupposes the other, and 
in order to know any A, we must know how other factors express 
the patience of fact for A.1°° In other words, any incorporative 
or non-incorporative appropriation may be regarded as a passive 
form of a non-incorporative appropriation of some other term. 
For example, if a man is rich, he is enriched by money, or some- 
thing else; if a man is a doctor, he is ‘‘doctored’’ by a univer- 
sity, or by society; if a man works, he is ‘‘ worked’’ by some em- 
ployer, or project; if he goes, the environment is gone through; 
if he teaches a pupil, the pupil calls him ‘‘teacher,’’ and so on. 
Some of the appropriations of relations may be expressed as 
logical multiplications of relations,’°’ which involve not pure re- 
lations, but terms in certain relationships. 
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(13.24). Within propositions, the persistence of characteris- 
tic interactions of constituent (13.2412, 13.2422) possibilities and 
relations may be inferred from modifications of subjects, and 
especially from modifications indicated by adverbial modifiers, 
where they occur; but persistent processes are clearer in the case 
of constituent ( (13.2418, 13.2423) terms, with modifiers like 
adjectives and relative clauses. The latter may indicate a 
(13.24117, 13.24217) transference of relationships; this seems to 
be indicated in grammar when a subordinate element by ‘‘at- 
traction’’ takes the case, number, etc., of a principal element. 
The periodic sentence structure exhibits a kind of (13.24118, 
18.24218) oscillation or rhythm. 

(13.25). The interactions of a subject-term, according to our 
interpretation, are enregistered in modifications of its struc- 
ture—that is, in the structure of propositions. The proposition, 
or the sentence, may be considered as above from the point of 
view of process, or now from that of structure. Wood- 
bridge says that ideas and propositions, whether spoken or 
unspoken, are subject in their movement to definite and pre- 
cise structural principles.1°® That there may be a differentia- 
tion of structure within a term, as well as certain processes char- 
acteristic of the term, seems to have been implied in Kant’s dis- 
tinction between analytical and synthetical judgments,’ al- 
though for Kant the whole question was complicated by psy- 
chology and considerations of validity which are here not es- 
sential. For us, in pure logic, terms, so to speak, synthesize or 
incorporate possibilities, relations, and other terms into their 
structures, and the characteristics of such structures may be dis- 
cerned there by analysis. As Eaton says, a judgment which is 
analytic in form can be synthetic in effect, when one side of the 
identity expresses an analysis of what is represented on the other 
side without analysis or with a different analysis; moreover, a 
judgment may be synthetic in form and analytic in effect, and 
whether the predicate of a Judgment adds something to what is 
meant by the subject depends on what one means by the sub- 
ject.11° | 

When we seek (13.251) the earliest stage of the process, we 
find a rather too psychological account by Bode, who says that 

108 F', J. E. Woodbridge, ‘‘Structure,’’ Jour. Phil., 14, 1917, p. 683. 

109 I. Kant, Critique of Pure Reason, transl. F. M. Miiller, 1920, Intro- 


duction, p. 5. 
110 R, M. Eaton, op. cit., pp. 126, 131. 


TERMS-IN-PROPOSITIONS 409 


thinking takes as its starting-point a form of consciousness which 
has within it the promise and potency of concept, judgment, and 
inference, but which is none of these in fully developed form. 
Growth takes place not through the mere addition of new parts 
but through the development of what is present in germ. The 
process has been likened to that of growth within a living or- 
ganism, because it is a process that involves a differentiation of 
structure through an inner growth.1*? In terms less psycho- 
logical, it would appear to us that a bare relatum, or any simple 
subject-term is a starting-point for processes of interaction. As 
Whitehead says, a subject is indispensable if there is to be a 
- proposition; without a subject we have a mere exclamation."” 

These interactions or functionings (13.252) promote structura- 
tion. This appears in the structure of a proposition, where the 
subject takes (13.2521) a predicate, which is here regarded as 
parailel to a peripheral element. But more is involved than the 
mere acquiring of a predicate; especially in ‘‘changes of sub- 
ject,’’ the (18.2523) subject itself (see 18.2112, etc.) must be 
said to enregister the results of its interactions, so that certain 
attributes, rather than certain others, progressively come to 
characterize it. This view is allied with the classical theory of 
the inherence of attributes in a subject, only the attributes need 
not have inhered there statically nor eternally, and the subject 
is for us not necessarily an existent substance but only a subsist- 
ent monad. 

With some modifications, the view can avail itself of John- 
son’s distinction between the assertive and the characterizing 
tie. According to Johnson, in thought the substantive and ad- 
jective may be said to be separately and independently repre- 
sented; thinking effects a severance between substantive and ad- 
jective, these being reunited in the asserted proposition by a tie 
which is both characterizing and assertive, in.a blending which 
is expressed in language by the transition from the participial, 
subordinate, or relative clause to the finite or declaratory form 
of the principal verb.11* For us, there is a more complicated 
process here—first a tentative appropriation resulting in an as- 
sertive tie, 1.e., a predication like ‘‘The tree is green’’; then a 
passage from assertive to characterizing tie, as when the above 
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subject-term becomes ‘‘the green tree’’; and thereafter a con- 
ditioning of later predications by such characterizing ties, 80 
that whatever proposition is now formed must be about the 
green tree. The view that a subject-term is modified in the 
course of its interactions is in partial accord with Bosanquet, 
who, while he held that between subject and predicate within 
the judgment there was no transition, also thought that the two 
were modified part passu.4* Haton says that a relation merges 
with its terms and all relations enter into and modify their 
terms.115 Constituent relations appear as relationships of terms; 
we shall use the latter word for such constituent monads except 
when the former one is used by authors cited. In syntax, such 
modification of subject-terms appears, as might be expected, in 
modifiers; those which are explicit are easy to recognize in any 
sentence, but it is important for us to note that modifiers, or 
modifications of the structure of subject-terms, may be implicit, 
or innotative. As Woodbridge says, common speech condenses 
into single words meanings which require many sentences for 
their full expression.%® Bradley thought that although the par- 
ticular traits of an idea like that of a horse may be hard to seize, 
we are bound to suppose them present.**7 Johnson holds that 
proper names are distinguished from general and singular de- 
scriptive names, since the two last usually contain in their 
meaning an adjectival factor, whereas the proper name does 
not. He defines ‘‘proper’’ as equivalent to ‘‘non-connota- 
tive.’’*48 But it would appear to us that if allowance is made 
for innotative qualifiers, all subject-terms, except perhaps the 
very simplest, contain adjectival factors, as atomic nuclei con- 
tain electrons. These adjectival factors or properties, which the 
writers quoted have construed more or less psychologically, we 
hold to be characteristic of subject-terms in pure abstract logic. 
Adverbs and adverbial modifiers may be treated as modifications 
of subject-terms, since the verbs modified are expressions for 
certain relationships characterizing the terms, or of certain non- 
ineorporative interactions which the terms exhibit. Johnson 
says that an adverb is logically equivalent to an adjective of 
an adjective.*?® 
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We suppose that complex terms-in-propositions are 
(13.25231 *) formed from simple ones, perhaps as a concrete 
object is sometimes regarded as a synthesis of experiences.?”° 
Such concretions in terms may admit of (13.25232*) various 
degrees and (13.25233*) transitional forms. Although it is 
seldom noted in a logic predominantly extensional, (13.25234 *) 
a plural or class term may be somewhat modified by a singular 
subject-term which it acquires. A term may also be modified 
by another term, as in ordinary prepositional clauses or in the 
logic of relatives.1*7+_ The transitive verb also indicates some- 
thing of the sort, in connecting, as Eaton says, the major sym- 
bolic members.?”? 

(13.253). <A term-in-a-proposition may, in an intensional 
logic, be analyzed into some of its constituents, in spite of the 
fact that Russell once declares he does not know what such con- 
stituents are.17? Johnson says that the important process is not 
mere revelation of parts contained but indication of their mode 
of combination within the whole.**4 Terms-in-propositions, since 
they belong to a logical realm here taken as primary, would 
ordinarily not be said to contain (13.2531) monads of prior 
realms. The prior realm here, if anything, is the utterly enota- 
tive ‘‘non-possible,’’ concerning which no definite statement can 
be made; but something of it may remain innotative in every 
term, like the null-class in every class.1*° A term-in-a-proposi- 
tion contains many (13.2532) possibilities and relations. As a 
matter of pure abstract logical structure, the possibilities of a 
term include anything that can ‘‘possibly be said’”’ of it. If 
this is true, all logical terms, like all atoms when their fields are 
considered, interpenetrate, and can only be relatively individ- 
uated by leaving some of their constituent possibilities innotative 
or enotative. In this way, a basis can be found for Whitehead’s 
doctrine of extension as applied to events,'** or for Bergson’s 
doctrine of universal interaction,!** or for Bosanquet’s ‘‘con- 
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crete universal.’’??8 But this interpretation is so tenuous that 
a world woven merely upon such a tissue of possibilities can not 
be very substantial or dependable. With regard to constituent 
relations, Bosanquet says that it may be that all qualities are 
capable of being analyzed into relations, but that there is some 
question about it.'*° 

In a plural subject-term, any of the constituent individual 
subject-terms may be analyzed, at least in part, into (13.25321 *) 
attributes or relations, some of which may belong to an individ- 
ual subject-term now in the capacity of characterizing ties, t.e., 
as adjectives, and again in the capacity of assertive ties, 1.e., 
as predicates. Although it is a point of some difficulty, we 
postulate in the pure logical structure of some plural terms, 
under certain conditions, a (13.25322*) pairing of attributes, 
sometimes expressible by the conjunction ‘‘or.’’ Strictly speak- 
ing, this is not quite the ‘‘either-or’’ of disjunction; it is the 
basis for the process of disjunction (see 13.321138). The ‘‘or,’’ 
which may be first detected in a pairing of attributes, is taken 
to indicate also some corresponding pairing of subject-terms in 
the class. The attributes which adhere as adjectives in a given 
subject-term (13.25323 *) may be quite in excess of those ap- 
propriated as predicates, and, although usually left innotative, 
may chiefly determine the properties of the term. But the 
attributes in the predicate will also have some effect, and if 
everything germane to a given subject-term were ‘‘brought 
out,’’ the predicates would tend to equal the attributes. It is 
possible that sometimes each singular subject-term, under special 
conditions, exhibits (13.25324*) a tetradic structure (see 
14.3824). 

When (13.2533) constituent cognate monads are taken without 
such analyses as the foregoing, it is found that the singular sub- 
ject-terms are (13.25331) prominent in processes connected with 
inference; they may (13.253882) vary greatly in inclusiveness. 

(13.254). According to Eaton, in a descriptive phrase, the 
term described takes (13.2541) a central position; the group 
(138.2543) revolves around the term.1°° The words ‘‘central’’ 
and ‘‘peripheral’’ are in this pre-spatial logical realm meta- 
phorical, but the relationship of dependence of predicates upon 
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subject-terms is analogous to relationships obtaining in spatial- 
ized monads. In (13.25411) the simpler propositions, such as 
those whose subjects are demonstratives, the differentiation is not 
so pronounced. Bosanquet held that it is impossible to dis- 
pense with a distinction of subject and predicate, although 
sometimes this is apparently done in propositions which repre- 
sent immature thought in developed language.?* In the course 
of development, (13.25412) the central element, or subject, be- 
comes important; without it, says Whitehead, we have a mere 
exclamation.? We suppose that a subject-term (13.25413) 
contains relationships or attributes, left innotative, which deter- 
mine its interactions and specific character. The character of 
a plural subject-term depends also upon its constituent 
(13.25414) individual subject-terms, although the internal rela- 
tionships of the latter need not be homogeneous. It is difficult 
in propositions to distinguish anything which may be ealled 
(13.2542) an intermediate region. But if we look for relation- 
ships of dependence, it appears that in complex propositions, 
there are constituent attributes which depend upon their subjects 
and at the same time do not mark direct relationships with other 
subject-terms. Various (13.25421, 18.25422) subordinate dif- 
ferentiations could doubtless be traced in typical examples. 
As the parallel of (13.2543) peripheral structures, one should 
look, in the predicates of propositions, for elements which inter- 
act with other propositions. Such elements, at the level of our 
experience, seem to be found in an interrogation; this indicates 
an incomplete experience, a proposition waiting to be filled out 
by another proposition, and is in a way parallel to an atom 
with an unsaturated valence. If this is too psychological, a 
purely logical structure is that of attributes in one term which 
mark relationships with another term. W. E. Johnson calls re- 
lations transitive adjectives which exhibit references to sub- 
stantives other than those which they characterize.1°* Such at- 
tributes presumably could be (13.25431) acquired or lost with- 
out affecting the number of singular subject-terms characteris- 
tie of the class. This is one reason why it is easier to view 
classes in extension than in intension. 

(13.255). That the differentiations of structure in proposi- 
tions are correlated with specializations of function is not hard 
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to see if processes go on in pure logic. Eaton says that every 
language, if it contains no other distinctions of function among 
its words, will differentiate substantives from modifying words.*** 
For Bosanquet, the idea of concrete individuality clings to 
(13.2551) the subject; *** a subject-term, we should say, is a 
monad, and its processes include interactions, as above indi- 
eated. When one considers a sentence, it seems necessary to as- 
sign some important function to a verb, but the verb’s function 
is more important grammatically than logically. Bertrand Rus- 
sell notes that the verb when used as a verb embodies the unity 
of the proposition, and is thus to be distinguished from the verb 
considered as a term.**> We might amend this statement to 
read, ‘‘the verb, considered as a word.’’ The difficulty is one 
which must constantly be faced in such work—namely that sub- 
ject-terms, their processes, their relations, and their possibili- 
ties must all be expressed by us in words, but that the words 
which may be all on a par refer to logical objects which are by 
no means of equal status. A subject-term may have important 
functions in the process of inference; inference involves, and 
may begin with, either a continuation of a given subject or a 
‘‘change of subject.’’ 

Perhaps when the unity of a proposition is considered, and 
still more when the development of an argument is traced, some 
of the so-called (13.2552) intermediate elements may even be 
discerned as exercising more or less specific functions. Thus, in 
the references marked by prepositions or relative pronouns there 
is a kind of (13.25521) transmission. In the fact that a sen- 
tence is articulated, and that each subordinate clause, phrase, or 
term has its own modifiers, and presumably its own modifica- 
tions, there is a suggestion of (13.25522) conservation, recalling 
the energy-levels of atoms and their parallels. And it is not 
out of the question to suppose that between the terms brought 
together within a proposition (13.25523) new relations or even 
sometimes new terms are synthesized. The elements of a propo- 
sition described metaphorically as peripheral (13.2553) figure 
in the interactions of a given proposition, especially with other 
propositions (see 13.2543). 

(13.26). There is a suggestion of (13.261) mutual regula- 
tion within a proposition in Bosanquet’s view that subject and 
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predicate are modified part passu.1*® If the characterizing at- 
tributes of a subject-term help to determine its predications, 
this is (13.262) referential regulation. Johnson, who regards 
the substantive which is ultimately the subject in all propositions 
as a determinandum, thinks that adjectives are distinguishable 
into determinables and determinates, the relation being pri- 
marily a matter of degree.**? Russell notes that such functions 
as atx are required in considering, for example, suicides or self- 
made men; it seems exceedingly evident, he says, that in this 
ease the proposition contains an element which is lost when it 
is analyzed into a term x and a relation R.1°8 The regulation of 
a given term or proposition (13.263) with reference to terms, 
propositions, ete., external to it may be illustrated by any ad- 
justment of one proposition to others or by the conformity of a 
proposition to a propositional function.1*® 

(18.27). Bode, in a passage already quoted, likens the de- 
velopment of thinking from its rudimentary form into concept, 
judgment, and inference to the process of growth within a living 
organism; we suppose that something of the sort characterizes 
the propositions of pure logic. The measure of their augmenta- 
tions and depletions must be that of their affirmations or posi- 
tive statements on the one hand and their denials or negative 
statements on the other hand. An example of augmentation 
may be seen in Boole’s development of a function; a function 
of x is said to be developed when it has the form Az-- 
B(i—z2).**° An example of depletion is seen in the process 
of elimination.*** Theorems concerning (13.271) the limits of 
functions are the basis of the method by which eliminations are 
made.** 

(13.80). In the discussion of the interactions of terms, we 
have presupposed a plurality of terms. Perhaps they always 
have subsisted or have been brought into subsistence all at once. 
Throughout our whole discussion, the possibility remains that it 
is only our limited and selective treatment which discovers terms 
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new to us, or combines and recombines their elements. But our 
general hypothesis that the subsistent is characterized by proc- 
esses leads to other considerations. 

As regards repeated production or reproduction, we shall at- 
tempt to show some significant parallelisms, both at this and 
the following level, between the logical and other realms, notably 
the biotic. In general, inference will be compared step by step 
with biological reproduction and less explicitly with parallel 
processes of reproduction in other realms. In particular, ordi- 
nary propositions will be compared to ordinary unicellular 
organisms; the subject-terms of propositions to ’‘cell-nuclei; 
predicates to eytoplasm; plural subject-terms, and at the next 
level, class terms to nuclei with more than one chromosome; 
singular subsumed terms to chromosomes; attributes, or ‘‘pos- 
sible predicates’’ to genes in the chromosomes; alternatives, dis- 
junctions, and incompatibilities, all of which have important 
bearings on implication, to processes of reduction. At the next 
level, the syllogism is compared to an act of fertilization; the 
conclusion of a syllogism to a fertilized egg; implication to 
heredity; and the validity of a proposition to properties of 
survival on the part of an organism and its contribution to 
species and to environment. One of the tests invited for the 
epitomization hypothesis is the extent to which these parallel- 
isms with other realms, particularly the biotic, can be earried. 

(13.31). If the subsistent is thoroughly characterized by 
processes, and if the process of integration of terms from re- 
lations (see 12.43) occurs, this may serve as an argument for 
repeated production of terms. 

(13.382). An argument for the reproduction of terms from 
prior terms and propositions from prior propositions by a kind 
of fission seems plausible, although it may be only a reading 
intc the realm of pure logic of processes characteristic of the 
neuropsychological realm. Of the (13.321) various possible 
modes of such reproduction, there may be a (13.3211) simple 
process with a (13.32111) loose ‘‘splitting,’’ as when an element 
which has had the status of a relative clause sets up for itself 
as an independent proposition. Bosanquet maintains that in so 
far as any doctrine of association involves the hypothesis of re- 
production, by other ideas, of ideas as separate particular units 
—4i.e., the denial of real identity or the active universal—it can 
not be reconciled with logical phenomena, but he also says that 
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in the process of suggestion we have something which does the 
work of judgment and inference and which has the same funda- 
mental nature with them, although it is not judgment.*** 

Reproduction appears to be involved in the difference be- 
tween judgment and inference. Bode says that if we compare 
the two, we find that the former is an unsupported assertion, 
such as A is B, whereas inference is typified in A is X and there- 
fore B; judgment partakes of the nature of inference in pro- 
portion as the connecting link between A and B comes into 
view.7*4 

Processes marking (18.32112) transitions to more regular divi- 
sions are typified by the splitting of disjunctive propositions 
which originally contain two clauses, perhaps quite dissimilar, 
connected by ‘‘but,’’ ‘‘although,’’ ete., into two or more inde- 
pendent propositions. An example from symbolic logic is 
found when equations of the form Ax + B -x are divided into 
two constituents, one symmetrical and the other asymmetrical.+*® 
In ordinary propositions (13.382113) more regular division is 
seen in more nearly balanced alternatives and disjunctions be- 
tween subject-terms, with their characteristic attributes which 
work out into predicates, where the balanced elements of the 
proposition are connected by ‘‘or,’’ ‘‘but,’’ ‘‘and not,’’ ete. Al- 
though the subject-terms are not altogether different, being con- 
traries rather than contradictories, either may be referred to 
as the negative of the other; this is true also of the predicates. 
The presentation of alternatives is not quite the disjunctive 
‘‘either-or’’ because the deciston represented by the disjunctive 
expression need not have been made, but it is fundamental to 
such a disjunction (see 14.33244), just as the metaphase of 
mitosis in unicellular organisms,'** where it occurs, may be said 
to be fundamental to the mitotic features of multicellular meio- 
sis. Propositions or terms-in-propositions may reproduce by 
(13.8212) an unequal process which may be regarded as parallel 
to ‘‘budding.’’ As Russell says, one predicate always gives rise 
to a host of cognate notions; thus, in addition to human and 
humanity, we have man, a man, some man, any man, every man, 
all men—all of which notions appear to be genuinely distinct 
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from one another.1*’ There is an interchangeability of ele- 
ments which is confusing to one looking for parallelisms to the 
more regular processes of the biotic realm. A subject, predicate, 
or object of one proposition may serve in any of these capacities 
in a new proposition; we have such forms as nominal verbs, to 
‘‘book’’ a date; verbal nouns, ‘‘seeing’’; verbal adjectives, in 
participles; nominal adjectives, ‘‘the book trade’’; adjectival 
nouns, ‘‘ (the) white,’’ ete. 

Such a process of reproduction, rudimentary and shifting, 
seems best fitted to account for the logical features of abstrac- 
tion. Abstraction involves a ‘‘budding off’’—the setting up, as 
an independent term, of an element which has hitherto belonged, 
perhaps in quite subsidiary fashion, to another term. For us, 
abstraction is the process of such budding off, or its immediate 
result; generalization, often confused with abstraction and really 
inseparable from it, is the often utterly indefinite 1** reference 
to the class of such processes or results (see 18.43) ; and a uni- 
versal generalization is one in which such a class is dealt with as 
a whole (see 14.3325). A special kind of abstraction with trans- 
ference of meanings gives us symbols; the close connection with 
abstraction and generalization here may be seen in Bradley’s 
statement that a symbol, by merging its own quality in a wider 
meaning, can pass beyond itself and stand for others, gaining 
admission and influence in a world which otherwise it could not 
enter,'*® or in Eaton’s statement that a symbol is all the eases 
of its own recurrence.'*° 

A plural or collective term may (13.3213) split into singular 
subject-terms, each of which takes appropriate predicates and 
develops into an independent proposition. In some cases 
(13.8214) new propositions may even result from the interac- 
tions of parts of the same proposition, such as ‘‘All men, of 
whom Socrates is one, are mortal.’’ If subject-terms have their 
inherent and sometimes innotative attributes, (13.3822) most of 
the essentials of reproduction may be studied in connection with 
the subject-term, without much consideration for the predicate. 
It is easier to assign a psychological than ?? (18.328) a logical 
reason for this process of division. The limitations of our at- 
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tention set a limit to the span of our sentences, but it is hard to 
say why the logical realm should exhibit such divisions, unless it 
is to avoid a monistic uniformity. 

(13.33). ‘‘In the life of the mind, as in life elsewhere,’’ says 
Cardozo, ‘‘there is a tendency toward the reproduction of kind. 
Every judgment has a generative power. It begets in its own 
image.’’ 1°? This statement, which for us is rather too psycho- 
logical, may be found to some degree applicable in the realm of 
pure logic. For our realistic view of the world, the syllogism is 
not dependent upon our nervous systems, and the syllogism 
shows the cooperation of two propositions in the production of 
a third. The syllogism might be treated at this level, just as 
examples of meiosis and fertilization can be found among the 
unicellular organisms; but just as meiosis and fertilization are 
more characteristic of the multicellular organisms, so the compli- 
cated processes of the syllogism are more characteristic of a later 
logical level (see 14.33). The syllogism is the elaborate culmina- 
tion of a reproduction by cooperation, but there are also (13.331) 
simpler eases. Thus, in a process parallel to unicellular copula- 
tion, (13.8311) two propositions may presumably fuse as in 
logical multiplication and, by a logical division more or less in- 
verse to this, separate. Unicellular copulation may be regarded 
as fundamental to the later process of conjugation; with this 
fact may be compared Lewis’s statement that if our aim is to 
ereate a workable calculus of deductive inference, we shall need 
to retain the notion of logical product.*? If, as might easily 
follow, the common element obtained as logical product gives rise 
not to one proposition with a plural term as subject but to num- 
bers of singular propositions, each with its individual subject- 
term, this would be (13.3312) a parallel for spore-formation 
after conjugation. 

Some of the individual subjects thus secured might differ in 
exclusiveness, range, or extension, and in a process parallel to 
biological autogamy may (13.3313) combine in such ways as to 
give rise to new subject-terms or propositions. Here, again, is 
an early form of deductive inference; Bertrand Russell says that 
the earliest form of deduction is substitution, which yields special 
eases of the original proposition.°* Such differences of in- 
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clusiveness or extension are apparently fundamental for the later 
distinctions between universal and particular. Dewey says that 
to say that to know is to define is to recognize that wherever 
there is knowledge there is explicitly present a universal.**4 
Eaton thinks that analysis is first of all the dissection of an ob- 
ject into a ‘‘what’’ and a ‘‘this,’” a universal and an individual 
aspect.%> The process of deduction by substitution may be 
(13.8314) combined with disjunctions. Just as some unicellular 
organisms have marks of sexual differentiation which need not 
be interpreted as they are in multicellular organisms, so, ac- 
cording to Ogden and Richards, (13.332) the generality and 
particularity to be attributed to simple or primordial references 
are certainly not those which logical formulation endeavors to 
introduce.t** But the process which parallels the reduction divi- 
sions in germ-cells, while perhaps not out of place here, is best 
considered at the next level (see 14.3324). In that connection 
also we shall consider (13.334) the possibilities of variation intro- 
duced into inference by cooperation or combination of proposi- 
tions. 

(13.85). The terms and propositions which are the results of 
such processes as described will exhibit certain (13.351) resem- 
blances; the most familiar examples are the resemblances of the 
singular terms in a plurality. Even in these cases there are 
(13.352) differences, which in an extensional logic are usually 
disregarded. The differences become somewhat more noticeable, 
for instance where an adjective couple can be predicated of a 
substantive couple, as in analogy,?*’ as well as when various com- 
pound and complex propositions are compared. Eaton says 
there are an infinite number of different symbolic groups, each 
of which can be distinguished by its logical form alone. The 
possibilities of replacing different structures of fact by formally 
distinct symbolic structures are without limit.15® Resemblances 
and differences are the basis of (13.853) classification, e.g., into 
general and specific terms. Eaton says that it is the use of 
variables in the general context of logical structure which makes 
the study of form in itself possible.5® Bosanquet says that he 
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was led to the central idea of his ‘‘morphology of knowledge’’ 
by a comparison made by A. Robinson between the study and 
analysis of judgment forms and the study and analysis of the 
forms of flowers and plants.*®° Resemblances and differences 
underlie classifications into logical types. According to Russell, 
A and B are of the same logical type if and only if, given any 
fact of which A is a constituent, there is a corresponding fact 
which has B as a constituent, which either results by substituting 
B for A or is the negation of what so results.1* Resemblances 
and differences (13.354) may be traced to constituent monads, 
prior and cognate; this appears particularly in processes of 
implication (see 14.3812, etc.). 

(13.86). Serial arrangements of terms or terms-in-proposi- 
tions, although usually perhaps the results of arbitrary manipu- 
lation, are here taken as reflecting features characteristic of the 
realm of pure logic. A series may be defined as a class whose 
elements are distinct from one another and exhibit transitive 
relations of precedence and succession.*® Strictly speaking, 
serial arrangement here should involve only succession or similar 
relationships, and should not presuppose a number of elements, 
even though for us the data may necessarily be ‘‘refracted”’ 
through the numerical realm. A series may (18.361) be taken in 
any direction or sequence relatively to a given term. More- 
over, (13.862) a series may be made up of (13.3621) cognate 
terms of the same degree of complexity of organization, as in 
a series of singular terms in a plural; or of (13.8622) different 
degrees of complexity, as in a series of transitive relationships 
of inclusion, or one of ‘Whitehead’s ‘‘abstractive hierarchies,’’ 1%* 
or in a series of atomic and various molecular propositions, or 
propositions of different types. It is difficult to exclude con- 
sideration of number in dealing with these differences. Johnson, 
for example, says that propositions involving relational ad- 
jectives may be ranged in a series according to the number of 
substantives to which they refer.1** Eaton finds that differences 
in logical structure are numerical in nature; they are differences 
in the number of constituents in groups and in the number of 
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groups which are members of groups within a whole.** An ex- 
ample of a series made up from (13.3624) different “‘genera- 
tions’’ is a sorites. Finally, (18.863) a serial arrangement may 
be (13.3631) determinate, 2.e., may have a definite number of 
members, whether or not the number is known; or may be 
(13.3632) indeterminate, although for us Johnson’s distinction 
between the determinable and the indeterminate ?® is either 
factual, involving realms other than that of pure logic, or else, 
like the distinction between the possible and the non-possible, it 
is ultimately indistinguishable. For Whitehead, an abstractive 
hierarchy includes every successive grade, either to a maximum 
or indefinitely.1°7 Russell says the progressions formed in con- 
nection with the doctrine of types may constitute (13.36322) an 
infinite series.**8 

(13.37). At first sight, it seems impossible to show that 
series of terms-in-propositions, when arranged in the order of 
increasing range or degree of complexity of organization, ex- 
hibit periodicities. Bradley, in connection with a study of the 
probability of a given throw of dice, illustrates the difficulty 
which is even more unrestricted in the realm of pure logic, when 
he says that whatever be the determining element, we believe 
that it acts irregularly rather than in rotation, and that our 
series of throws will turn out to be irregular to an extent to 
which we can assign no limit. But it is possible to suppose that 
the whole series will most probably be regular, with periodic 
irregularities.°? In pure logic, some of the conditions of 
pericdicity may be present. For instance, a serial arrange- 
ment of all subject-terms-in-propositions in the order of in- 
creasing number of constituent singular subject-terms would 
lead from singulars to plurals, with plural terms, at least at 
irregular intervals, recapitulating the singular terms comprised 
in them. And the plural or collective or class terms would them- 
selves be capable of further use as subjects and eventually of 
further recapitulations. Moreover, when ranges of atomic and 
molecular propositions are arranged in series and studied in in- 
tension, there may be statistically recurrent properties—for, 
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after all, with all its different forms, there are only a few funce- 
tions for a proposition to perform. 

The most striking evidence for something here parallel to the 
periodic table of atoms is afforded by some difficulties connected 
with the doctrine of types. As most readily phrased, it involves 
logical classes, which belong to the next level; but the parallel 
periodic table of the chemical atoms involves astronomical bodies 
belonging to the level next above the atoms, since it seems to be 
only in these bodies that the heaviest atoms are contained. What- 
ever is implied here of classes may be said in a simpler way of 
groups, or of plural or collective nouns; just as no class can be 
one of its own members, so no plural can be one of its own terms. 
Eaton regards the type of a group as the ‘‘second dimension”’ 
of logical form and suggests at least a basis for an arrangement 
exhibiting periodicities, when he says that ‘‘horizontally, so to 
speak, a form is determined by the number of its major mem- 
bers; vertically by the number of groups included within 
eroups.’’?17° Now if certain properties of terms or terms-in- 
propositions, when taken over different degrees of complexity 
of organization or over different ranges,!™ can be said to recur 
in periodic fashion, we may perhaps see a reason for at least one 
of the difficulties which the doctrine of types tries to remedy. 
It will be clearer to think here of a parallelism, not with the 
biological organisms, where the periodicities if they exist are 
not so evident, but, as we said, with the chemical atoms and the 
periodic table. Let us suppose that the series of atoms is built 
up by successive additions of helium, ete., from lithium to neon 
at the end of the first row of the first series, as a plural or a 
group is built up by successive additions of individual terms. 
With respect to neon, as parallel to a group, the successive unit 
additions may represent members of the group, while the atoms 
from lithium to fluorine may represent sub-groups. Now as 
regards its own further additions, neon will have the properties, 
not of an atom of fluorine or oxygen preceding it in the table, but 
of an atom with a neon shell (or whatever corresponds to this 
feature of the convenient picture). In further structural ar- 
rangements, its properties will be those of an atom of the second 
row, like sodium and magnesium, and so on until we come 
at the end of the row to argon, where a similar adjustment 
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takes place. Now if we may think of the attributes of terms 
as recurring in parallel fashion, there will be a reason why a 
plural group does not have the attributes of one of its members 
or sub-groups. <A group, no matter how much it has in common 
with the sub-groups in it, nor how much it resembles them in 
some of its relationships, if it is to serve as subject must, like 
an atom in a new row, serve as a subject of another type, or in 
another ‘‘range of significance.’’ Conditions like these seem to 
be evident in the discussions of classes as affected by the doctrine 
of types. Russell says that a class-as-many may be a logical 
subject, but in propositions of a different kind from those in 
which its terms are subjects. For example, we have ‘‘Socrates 
is one among men,’’ in which men are plural; but ‘‘men are one 
among species,’’ in which men are singular. It is the distinction 
of logical types that is the key to the whole mystery. It is 
necessary to distinguish various types of objects, namely terms, 
classes of terms, classes of classes, classes of couples of terms, 
and so on.17? According to Whitehead and Russell, ‘‘the para- 
doxes to be avoided... all result from a... vicious circle 
..., from supposing that a collection of objects may contain 
members which can only be defined by means of the collection 
as a whole.’’ +73 Russell says, elsewhere, that there is a hierarchy 
of logical types and it is a fallacy to allow an object belonging 
to one of these to be substituted for an object belonging to an- 
other.*** 

(13.38). If there is any process of reproduction at this level 
there must be significant associations and linkages between sub- 
ject-terms or terms-in-propositions, to which the (13.380) gen- 
eral considerations as well as (18.381, ete.) special considera- 
tions governing such processes may be presumed to apply. The 
metaphor of heredity is used in this connection; according to 
Russell, a property is called R-hereditary when, if it belongs 
to a term X and X has the relation F to Y, it belongs to Y *%— 
but for us this is a relationship of succession, not necessarily in- 
volving processes of reproduction. The whole subject of 
‘‘heredity’’ in logic, which we hold to include the familiar data 
of implication, can be best discussed at the next level (see 14.38). 
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(13.41). There seem to be no good examples of disintegration 
of propositions or terms; the tradition that subsistents are 
eternal goes against such a view. But there are suggestions of 
such a process whenever (13.411) a complex term, like ‘‘book 
store,’’ is regarded as two terms in a certain relationship, or when 
any noun is analyzed into adjectival qualities or attributes. 
Disintegration may be traced also in (13.412) logical multiplica- 
tion, where the tendency, when a term a is in this process acted 
upon by 5, is to disregard as enotative or innotative all that part 
of a which is not common to b. Another type of disintegration 
occurs whenever (13.4138) any term is set equal to ‘‘nothing’’— 
1.€., when any term is relegated to the essentially indeterminate 
enotative region or milieu. In symbolic logic the most eon- 
venient form of equation for eliminations and solutions is the 
equation with one member zero.’** To be ‘‘solved’’ in this way 
is for one term, proposition, or element to cease to be in con- 
flict with other terms, propositions, or elements; to disappear 
from the body of equations or propositions; to pass into the 
enotative. In short, to be solved is to have an indefinite or dis- 
turbing element dissolved out. And the method of reducing an 
equation not in the form in which one member is zero to such a 
form supports this, for the method consists in multiplying each 
side into the negative of the other and adding the products 17°— 
7.€., in introducing enotative terms into both sides. The process 
may be repeated; the complete solution of any equation in more 
than one unknown may be accomplished by eliminating all the 
unknowns except one and solving for that one, repeating the 
process fer each of the unknowns.?”" 

(13.42). Terms may be said to be aggregated not merely into 
simple plurals, as above, and, in logical addition, into logical 
sums, but more conspicuously into classes, although the statement 
needs some clarification. A more psychological treatment dis- 
tinguishes between ‘‘man’’ as class-concept, ‘‘men’’ as the concept 
of the class, and ‘‘men,’’ the object denoted by the concept 
‘‘men,’’ as the class.17* A class, whether of terms or terms-in- 
propositions, may be referred to in a generalization, but this, at 
least in its most developed form, involves a process of induction, 
here regarded as essentially integration (see 13.43). According 
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to our view, aggregation, although not entirely distinguishable 
from integration, primarily describes classes taken in extension, 
referred to by enumeration—especially by the enumerative 
‘‘and,’’—and marked predominantly by external relationships be- 
tween constituents. Russell says that we may imagine a kind of 
genesis of classes, through the successive stages indicated by the 
typical propositions, ‘‘Socrates is human,’’ ‘‘Socrates has hu- 
manity,’’ ‘‘Socrates is a man,’’ ‘‘Socrates is one among men’’; 
here every subject-predicate proposition gives rise to the three 
equivalent propositions, and thus every predicate gives rise to 
a class. This is the genesis of classes from an intensional stand- 
point.17® But it appears to us that the genesis of classes from 
an intensional standpoint is less a matter of content and more of 
form. Lewis says that for the derivation of a logic of classes from 
that of propositional functions, a given class is conceived as the 
aggregate of individuals for which some propositional function 
is true.17® Thus in attempts to account for the genesis of classes, 
the characteristic process of aggregation seems to be required. 
The study of propositional functions, according to Russell, ap- 
pears to be strictly on a par with that of classes and scarcely 
distinguishable therefrom,*° but for us the difference is some- 
what like that between a prolific parent and a crowd aggregated 
from the offspring of that parent. Russell himself takes a 
class to be equivalent to an aggregate.** He says that in ex- 
tension the object in question, especially when finite, is regarded 
as defined by the enumeration of its terms, and that when thus 
defined a class is more naturally called a collection.1®? 

Any treatment of classes is often rendered difficult by lack 
of knowledge of their precise extension. As Eaton says, only 
very limited classes are presented in their wholeness; most 
classes can be known only conceptually or symbolically, as the 
(x) totality determined by such and such a predicate.1** We 
should avoid the word ‘‘totality’’ in this connection, substituting 
for it the word ‘‘aggregate.’’ ‘‘Totality’’ is used more clearly 
when it involves a process of induction, which we shall presently 
interpret as amounting to integration and resulting in gener- 
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alization. In our view, the failure to distinguish the aggregate 
from the integrate here, due largely to the predominance of 
extensional logic, has obscured a very essential difference of 
level in the logical realm. Bosanquet notes that traditional 
logic treats the singular and universal judgment as on the same 
level.15* 

(13.43). We suppose that it is within aggregates, 7.e., classes 
of terms or terms-in-propositions taken in extension, referred 
to enumeratively by ‘‘and,...and,...’’ ete., and marked 
predominantly by external relationships between members, that 
the integration of new monads, often hard to distinguish from 
the aggregates, takes place. This process of integration we 
identify with induction; its result is a body of propositions, 
summed up in a generalization or propositional function. The 
relationship between the body of propositions, concerning the 
elass, and the generalization, or propositional function, is, as 
we shall see, parallel to the relationship between a multicellular 
organism and one of its germ-cells. This offers a possible inter- 
pretation of Eaton’s doctrine of an element of unity as an added 
constituent though not a term in each group.?*® 

The line between aggregation and integration can not be 
drawn with precision; but several arguments lead us to suppose 
that there is a real difference. In the first place, Russell notes 
that, if a class be taken as equivalent simply to the numerical 
conjunction ‘‘A and B and CC... ,’’ it seems plain that it is 
many; yet it is quite necessary that we should be able to count 
classes as one each. There is a certain temptation to identify the 
class as many and the class as one, but at least wherever the class 
consists of more than one term, it can be proved that no such 
identification is permissible. The class as one may, however, be 
identified with the whole composed of the terms of the class. 
In a class as many, the component terms, though they have some 
kind of unity, have less than is required for a whole.*%® Again, 
it appears that when classes are treated extensionally, certain 
peculiarities of the individual members are inevitably sup- 
pressed and left innotative, whereas a logic which tries to pro- 
vide both for intension and extension may bring out these fea- 
tures and show their function in the building up of propositions. 
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Russell says that intensional propositions are not always present 
when one class is included in another; it is not necessary that 
every predicate of the smaller class should contain every pred- 
icate of the larger class as a factor.18’ But it may well turn 
out that whereas an extensional logic tends to show the members 
of a class in their external relationships, an intensional view 
shows the members of a class as a body of propositions mutually 
qualifying one another and qualified by one another in their 
attributes or relationships. 

Once more, we may appeal to Whitehead’s theory that induc- 
tion is a characteristically organic process. He says that the 
key to the process of induction is to be found in the right under- 
standing of the immediate occasion of knowledge in its full 
concreteness; it is in respect to our grasp of the character of 
these occasions in their concreteness that the modern develop- 
ments of physiology and psychology are of critical importance. 
Inductive reasoning proceeds from the particular occasion to 
the particular community of occasions and from the particular 
community to relations between particular occasions within that 
community.*8° 

Appeal may also be made to some of the views of Bosanquet. 
Studying the whole problem with a view to the concrete uni- 
versal, Bosanquet held that it is possible to conceive the generic 
judgment as differing from the collective judgment simply in 
degree, by predicating attributes of an unknown or unlimited 
and not of a known or determinate aggregate; but a judgment 
couched in this shape which conveys a perfectly intelligible 
meaning, must derive this meaning from some other source than 
from such an enumeration as that upon which the collective 
judgment rests. Every collective judgment, in short, bears ref- 
erence to an identity which controls its selection of units and 
fixes the limit of its enumeration, and this identity is the pervad- 
ing nature of the units.1®® 

Finally, the view that induction leads to the establishment of 
a law,*®° although criticized by Whitehead,'** may be admitted 
to constitute a case of integration, provided the law as a new 
monad is regarded not as absolute but, like any other monad, as 


187 ibid., p. 36. 

188 A, N. Whitehead, Science and the Modern World, pp. 63f. 

189 See B. Bosanquet, Logic, Vol. 1, pp. 157, 211. 

190 See, e.g., J. E. Creighton, An Introductory Logic, 1920, pp. 1947f. 


TERMS-IN-PROPOSITIONS 429 


characterized by relative individuation modified by its inter- 
actions. 

This difference between enumerative aggregation and induc- 
tive integration is obscured for us for several reasons, often in- 
terconnected—first, because of our frequent lack of knowledge 
of the precise range of the induction or generalization,’* al- 
though Bosanquet, as we saw, tries to turn this to account in 
establishing a difference between the collective and the generic 
judgment; again, because the term ‘‘induction’’ can be used to 
describe aggregation; and once more, because there is often a 
confusion between what is to be referred to as ‘‘general’’ and 
as ‘“‘universal.’’ If the class number is known or the class is 
capable of being exhaustively enumerated, we have what John- 
son calls summary or perfect induction, which establishes con- 
ditions of limited universality by means of mere enumeration.*” 
Eaton says that the word ‘‘all’’ tells us that the universal is 
signified in a certain manner of its occurrence—its occurrence 
in a class. But he goes on to say, as we should, that a class is 
the universal taken in conjunction with the terms it modifies. 
The unity of a class is of the peculiar kind called totality; this 
is the defining idea of classes. A class is a universal in the total- 
ity of its instances.1*8 

A special difficulty, involving all the others, arises from the 
fact that whatever be the new integrated monad, in our attempt 

at interpretation it must be referred to by generalizations often 
hard to distinguish from ordinary terms and terms-in-proposi- 
tions. This ease of propositional reference, by generalization, 
to the new monads integrated out of other propositions is bound 
to be misleading, unless the parallel relationship between germ- 
cells and multicellular organisms be kept in mind. The name 
which we adopt for the new monads is, partly for this reason, 
not ‘‘general propositions’’ but ‘‘bodies of propositions,’’ it 
being understood that the latter in a sense contain or include 
the former. ‘‘Bodies of propositions’’ are equivalent to classes 
of terms-in-propositions taken in intension, with consideration 
of the internal relationships within a class. 

If we try to picture the formation of a class, we make (13.431) 
some of the terms referents and other relata. And when two 
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propositions are integrated into a body of propositions, it may 
be said that (13.432) certain possibilities and relationships, 
hitherto characteristic of the constituents, are eliminated. 
(13.44). It is plain that within such monads (13.441) con- 
stituent propositions may retain conspicuous individuation. The 
propositions which at the next level we call auxiliary proposi- 
tions (see 14.00) are, in fact, more like products of (13.442) 
differentiation there than elements of integration here. 


CHAPTER XXV 
BopiEs OF PROPOSITIONS, WITH GENERALIZATIONS. 


“A universal is an aspect of a group as a whole. ... The group 
as a whole is an instance of this universal, which is itself an element 
in the group, but not an element coordinate with the others. The 
universal is an element of unity, while the others are terms.” 


R. M. Eaton, Symbolism and Truth, 1925, p. 78. 


(14.00). The monads of this level are bodies of terms-in- 
propositions, reached by induction. They are called ‘‘bodies 
of propositions’’ in parallelism to astronomical bodies and multi- 
cellular organisms. Like primitive multicellular organisms, they 
may be integrated from prior monads differing from one another, 
but we suppose that progressive organization brings uniformity 
until each proposition in a body of propositions may be regarded 
as typically a proposition about the whole class, or nearly the 
whole class, just as each somatic cell in a multicellular organism 
contains the specific number, or practically the specific number 
of chromosomes. Each proposition in the body of propositions 
about the class is not quite identical with any other. There 
must subsist, for example, vast numbers of propositions to the 
effect that trees are green; but, apart from questions of validity, 
they do not necessarily denote the same green, and perhaps not 
the same trees. We shall call them ‘‘auxiliary propositions.’’ 
They are primarily not identical with one another; they are like 
somatic cells, merely compatible with one another, especially as 
they are represented in the generalization that trees are green. 
Auxiliary propositions do not denote sub-classes, but variations 
of predicates of the class. The great difference between the 
generalization and the auxiliary propositions of a body of propo- 
sitions is like that between germ-cells and somatic cells. The 
germ-cells are used in processes of reproduction, and the general- 
izations are used in processes of inference. In the logical realm 
we deal mainly with generalizations, universal or particular, and 
have little to do with vast numbers of modified or qualified 
generalizations and similar auxiliary propositions which still 
somehow subsist. In the subsistent, the generalizations are not 
necessarily valid; the body of propositions and generalization 
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exemplified in ‘‘trees are blue’’ is at this level as good an 
example as ‘‘trees are green.’’ 

Each proposition about the whole class may be taken severally 
by subsumed singular subject-terms, or terms-in-propositions, 
and is made up of such individual members, just as each somatic 
nucleus or cell may be studied chromosome by chromosome, and 
presumably is phylogenetically made up of the several chro- 
mosomes taken together. The propositions of a body of propo- 
sitions are together equivalent to a class taken in intension with 
respect to the given predicate or predicates; a class taken in 
intension, because of its interrelated subject-terms and predi- 
cates, is to be distinguished from its constituent singular terms- 
in-propositions taken severally in intension. Each body of 
propositions may be regarded as an integrate of constituent 
members, although it is usually represented or summed up in 
a general term, general proposition, term with ‘‘defining prop- 
erty,’’ or propositional function (see 14.2533), just as a multi- 
cellular organism may be regarded as an integrate of cells, al- 
though, at least so far as many important processes are con- 
cerned, it may be studied in its germ-cells. 

Bodies of propositions, summed up in generalizations, are 
often difficult to distinguish from the monads of earlier and 
later levels. We said that language makes it easy to confuse 
them with mere terms-in-propositions of the preceding level, 
as well as with aggregates of those terms, which for us are 
equivalent to classes taken in extension. It is, for example, 
impossible verbally to distinguish ‘‘trees are green’’ in each of 
these senses. The line between bodies of propositions and the 
later grades of universes of discourse, too, is hard to draw with 
precision, but just as a multicellular organism is represented 
by any one of a number of closely similar germ-cells, whereas 
a society is represented by a number of different germ-cells, 
even though these may be closely related by descent, so a body 
of propositions may be regarded as represented by any one of 
a number of closely similar generalizations or propositional 
functions, whereas a larger monad like a mathematical theorem 
may include a number of such generalizations, even though they 
depend primarily upon a single generalization. 

Several names which might be used for these integrations of 
propositions carry too many affiliations with psychology or with 


BODIES OF PROPOSITIONS 433 


epistemology. Examples are ‘‘discourse.’’! which is too psy- 
chological and too social for pure logic; or ‘‘regions,’’ which 
for Husserl are higher ranges of generalizations taking their 
departure from the empirical sciences when the latter have been 
subjected to ‘‘phenomenological reduction.’’2 ‘‘Theorems,’’ for 
us, belong to a later level. 

Bodies of propositions summed up in generalizations may be 
illustrated in many different ways, recalling the wide diversity 
of astronomical bodies and of multicellular organisms. The 
terms or terms-in-propositions in a given body of propositions 
may be all alike, or very nearly alike; but on the other hand, 
the constituent terms or propositions may be quite different 
intensionally, and the generalization referring to them may be 
correspondingly more highly abstract. Thus ‘‘trees are grow- 
ing’’ and ‘‘trees are shedding their leaves’? may both be gen- 
eralized in ‘‘trees are living.’’ 

(14.10). It has a bearing upon (14.11) relative individua- 
tion of bodies of propositions when Russell notes that (14.112) 
classes and relations can not be added together to form a new 
single class because they are of different logical types; the same 
is true of individuals—or, as we should say, terms,—classes of 
individuals, relations between individuals, relations between 
classes, etc. That a body of propositions is relative to (14.118) 
other bodies of propositions seems undeniable when one re- 
members the diversity of propositions which can be arrived 
at by induction in the existent world alone, to say nothing of 
the subsistent. The (14.1131) dyadic relationship here seems 
to be that, of any two propositions of the same field, one is likely 
to be more inclusive than the other. The difference appears in 
range of generalizations and especially in universal and par- 
ticular propositions, of great importance in processes of repro- 
duction. This is not, as in cosmogonie and biotic monads, a 
difference of rate, but difference of rate can be interpreted in 
terms of a more fundamental difference of inclusiveness, ¢.g., 
as inclusion or occupation of a greater or smaller number of 
points on a given scale in a given number of instants. 

(14.12). Since bodies of propositions, referred to by gen- 
eralizations, can be built up by induction, or can be differen- 
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tiated out of universes of discourse, their individuation is re- 
garded as convergent. 

(14.13). Perhaps the (14.1811) simplest form of bodies of 
propositions is the class with one member, which may be taken 
to be different from that member,* as a monatomic molecule may 
be taken to be different from the atom composing it. Molecular 
propositions are complex prior monads (see 13.183). At our 
level, a question and its answer belonging to the same class may 
possibly represent some linkage of propositions in pure logic. 
And if there are such linkages, we may suppose that there are 
(14.1312) more complex bodies of propositions belonging to a 
class and bound by more intricate relationships. Two or more 
subjects or subject-terms may have a common predicate, or may 
be bound by reciprocal relationships. We face here a difficulty 
which has been faced at parallel levels of other realms, namely, 
that not every body of propositions necessarily constitutes a 
monad in its own right; some may be differentiations, like sub- 
classes in larger classes. The criterion of monadie status seems 
to be that a body of propositions shall be capable of organiza- 
tion into a generalization which is concerned in reproduction 
(see 14.25332, 14.3212, 14.8336). In some bodies of propositions 
there is doubtless (14.1813) a lack of definite internal relation- 
ships, making the whole body ‘‘nebulous’’; in these cases we 
may suppose that any representative generalization, if developed 
at all, is correspondingly loose and vague. 

Bodies of propositions or generalizations may be (14.1382) 
compounded, e.g., into plurals. It appears that (14.133) more 
complex organizations may be built up of interrelated proposi- 
tions belonging in the first instance to different classes but now 
organized into a new and more inclusive class. The classical 
example is the ‘‘tree of Porphyry.’’® The tree of Porphyry 
also shows that (14.1331) complex organizations may be combined 
in (14.1333) organizations still more complex. 

(14.14). We may consider a body of propositions under its 
aspect of generalization and recognize that generalizations, like 
ordinary terms-in-propositions, have their individuations modi- 
fied by other monadic characteristics. 

(14.20). That bodies of propositions exhibit characteristic 
interactions needs no argument, if one considers them as gen- 
eralizations; they may then, with allowances for increasing 
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complexity, be treated as terms, or terms-in-propositions, just 
as the germ-cells of a multicellular organism may, with certain 
allowances, be treated as single cells. Thus, a generalization 
may (14.21) appropriate (14.2112) possibilities, relations, terms, 
or terms-in-propositions, and one body of propositions or one 
generalization may even appropriate (14.2113) another as a 
‘‘new condition.’’ A propositional function, too, may take on 
a particular value. Similar remarks may be made for (14.212, 
ete.) non-incorporative appropriations, using verbs other than 
‘is’? or ‘‘are’’; for (14.22, ete.) rejections; and for (14.23, 
ete.) combinations of appropriations and rejections. 

(14.24). Hach of the (14.2412) propositions belonging to a 
body of propositions—+.e., each of the particulars belonging to 
a general proposition, as well as each of the auxiliary proposi- 
tions about the class, not used in inference—may be regarded as 
persisting in its own interactions of affirmative and negative 
predication, etc. In the logic of classes and propositional fune- 
tions, the persistence of interactions on the part of individual 
members is apparent in connection with the ‘‘operators’’ II 
and 3.° In fact, a particular proposition, instead of involving 
existence, as the traditional logic has maintained, really involves 
only persistence. Within a body of propositions, (14.2413) 
eroups of auxiliary propositions may exhibit relationships char- 
acteristic of the group. 

(14.25). If all bodies of propositions, like all multicellular 
organisms, were taken into account, very wide variations of 
structure would be presented. We suppose that the psycho- 
logical process of amplification of an argument represents a 
process characteristic of pure logic, where (14.251) starting 
with a simple form, (14.252) functioning registers certain ef- 
fects in structuration, perhaps (14.2521) first in auxiliary prop- 
Ositions, and then later in (14.2523) a general proposition or 
propositional function in which the whole body of propositions 
is summed up. 

Of particular importance are the differentiations of structure 
as regards (14.253) constituent monads of other realms and 
levels. Monads of (14.2531) prior realms, if any, must belong 
to what we called the ‘‘non-possible,’’ and can only be treated 
enotatively or innotatively. But there is provision in symbolic 
logic for the inclusion in every class-term of an element left 
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innotative; this is the null-element, or zero. A postulate of the 
Boole-Schréder algebra of logic is that in a class K of elements 
there is a unique element, 0, such that a-0 = 0 for every element 
a, and in the logic of classes the null class is contained in every 
class.’ Doubtless such innotation includes many constituent 
(14.2532) possibilities of which no account is taken. It appears 
plausible that (14.25321*) certain less ‘‘compact’’ bodies of 
propositions include more possibilities than more compact bodies, 
where many of the former possibilities of constituents have 
been eliminated in favor of settled relationships. Further, 
(14.25322 *) constituent relationships are prominent, binding 
together and characterizing the various individual and auxili- 
ary propositions belonging in a body of propositions or summed 
up in.a generalization. 

A body of propositions relies its (14.25323 *) constituent 
singular and auxiliary propositions; and a generalization in- 
cludes a number of singular subject-terms with their attributes 
or relationships, as a germ-cell includes a number of chromo- 
somes with their genes. Bosanquet finds that the unity of a 
judgment does not exclude systematic multiplicity within it; 
the logical content employed in any given judgment is a many- 
sided although determinate idea, and is gripped and attached 
to its actual place in the logical mechanism now by some of its 
prominences and now by others. According to our view, at 
certain stages in the development of a proposition, the singular 
subject-terms may be said to be paired as chromosomes are in 
mitosis (see 14.33242). 

The constituent terms (14.253231*) differ from terms-in- 
propositions in the ‘‘free’’ state at the prior level, since they now 
have their relationships and (14.258232 *) interrelationships as 
members of the class. Perhaps a body of propositions exhibits 
2? (14.253233 *) different modes of grouping of constituent 
auxiliary propositions. Sometimes there may be, for example, 
loose groupings, involving possibilities and corresponding after 
a fashion to the atoms in a planetary nebula; again, groupings 
represented at our level in a more closely interrelated associa- 
tion of ideas, somewhat as atoms are grouped in a gaseous or 
liquid star; again, various interconnected groupings represented 
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in closely reasoned discourse, recalling the way in which atoms 
are packed in the solid parts of planets. All this is significant 
for problems of logical structure, even though to detect it in 
the data there must be a more detailed study of the logic of 
relations, of intensional logic, and of syntax than has yet been 
undertaken. 

The most important constituents of bodies of propositions are 
those propositions which we eall generalizations, which are here 
accorded the status of (14.2533) cognate monads and regarded 
as (14.25332) parallel to multicellular germ-cells (see 14.1312). 
The term ‘‘generalization’’ is preferable to ‘‘propositional 
function,’’ which as treated by Russell is involved in problems 
of validity, if not of epistemology and psychology. He defines 
a propositional function as an expression containing one or 
more undetermined constituents, such that, when values are 
assigned to these, the expression becomes a proposition, or form 
of words expressing what is true or false; thus, ‘All A is B’ 
is a propositional function. But he makes no distinction here 
between a generalization and a universal proposition. Moreover, 
the propositional function may owe its character as such merely 
to the fact that A or B or both were unknowns, which fact may 
have nothing to do with their logical subsistence. Keyser calls 
a propositional function a matrix of the propositions derivable 
from it by substitution; he says the propositional function has 
the same form as the propositions it moulds.2° The relationship 
here seems to us to be parallel to that of the germ-cell of a multi- 
cellular organism, which gives rise by differentiation to an 
embryo with its somatic cells, each containing the somatic num- 
ber of chromosomes. . 


Although not much value can be attached to details here, we in- 
clude them for the sake of the argument. We shall try to show later 
that such a general proposition, universal or particular, is typically 
(14.253321) developed as the conclusion of a syllogism by the coopera- 
tion of two “parent” premises (see 14.333). Where one of two pre- 
mises is universal and one particular (14.253322), the body of propo- 
sitions represented by the universal will doubtless be more inclusive 
and at the same time, taken in intension, in minor ways more varied 
than that represented by the particular. A general proposition or 
propositional function (14.253323) exhibits differentiations into sub- 
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ject, modifiers, and predicate. A developing body of auxiliary propo- 
sitions, formed progressively from a general proposition or proposi- 
tional function, would exhibit relationships of progressive dependence 
which might be logical parallels of the spatial relationships of central, 
intermediate, and peripheral portions of an embryo (see 14.254). Ina 
syllogism (14.253324), an important phase is reached when the result 
“sets up for itself” as a conclusion, as is seen in a lemma, or new 
proposition. There is no clear parallel to the birth of a multicellular 
organism, but viviparous reproduction is not universal even among 
organisms. A body of propositions in its interactions (14.253325) 
continues its development after having been produced in a process of 
inference. Doubtless some bodies of propositions (14.253326) become 
more “compact” than others, and are represented by generalizations 
like “ concrete universals”’ where the interrelated propositions mutu- 
ally imply one another. At any stage in the interactions of a body of 
propositions (14.253327), a new and slightly different propositional 
function may be formed, representing the most recent developments. 
The propositional function (14.253328) proceeds typically by a kind 
of substitution 1°—that is, by taking in terms, as values of its func- 
tions, and, perhaps like a germ-cell, producing new auxiliary propo- 
sitions without exhausting itself. We suppose that a body of propo- 
sitions (14.253329) develops in accordance with certain principles of 
organization and mutual dependence among its parts (see 14.254). 


(14.2534). It is primarily within such bodies of propositions, 
or perhaps within some theorems (see 15.2534) or even more 
inclusive universes of discourse of which the bodies of proposi- 
tions are constituents, that we find the ‘‘correlate classes’? which 
form the initial monads of the numerical realm (see 20.00, 
21.00). 

(14.254). The major differentiations in a body of proposi- 
tions, corresponding to central, intermediate, and peripheral 
regions in monads with spatial properties, must be sought in 
the dependence of one group of propositions upon others. The 
tree of Porphyry shows that in any complex generalization there 
may be (14.2541) a most inclusive genus. To this we would 
assign a place analogous to central, rather than peripheral 
arrangements in space, since in referring to it we refer not to 
the ‘‘expanded’’ body of auxiliary propositions, corresponding 
to the somatic cells of a multicellular organism, but to a single 
generalization, corresponding to a germ-cell, which sums up 
both the singular and the auxiliary propositions. The generali- 
zation may have all the singular and auxiliary propositions rep- 
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resented in it, in which case it is a universal proposition; or it 
may have only part of them, in which case it is a particular 
proposition. And some bodies of propositions are summed up 
in generalizations both universal and particular; a class, taken 
intensionally, may include different sub-classes of varying in- 
clusiveness. We shall try later to show that when such gen- 
eralizations are analyzed intensionally, they may be regarded 
as containing elements drawn from each of two premises (see 
13.25322, 14.3322). Upon such inclusive generalizations may 
depend other auxiliary propositions of (14.2542, 14.2548) vari- 
ous degrees of interrelatedness. 

(14.255). The chief differentiation of function in a body of 
propositions is that of the (14.2551) generalization or proposi- 
tional function which, in so far as it is the conclusion of a 
prosyllogism, may be regarded as the joint product of two 
premises and an element in a new conclusion (see 14.332, 
14.3812). The generalization may be contrasted with the 
(14.2553) auxiliary propositions about the given class. If we 
had a more adequate organic view of intensional connections 
of the propositions of such a body of propositions, other func- 
tions might appear—for instance, a modification of one proposi- 
tion about the class, particularly open for new connections, 
might be transmitted to another and so on, until at last it af- 
fected the generalization itself, or a modification of the generali- 
zation might be transmitted to some or all of the propositions of 
the body of propositions. 

(14.26). Bosanquet’s doctrine of implication 74 may be con- 
strued as an argument that the terms underlying a generaliza- 
tion exhibit (14.261) mutual regulation. Most views, if admit- 
ting any processes at all in pure logic, would admit also a 
possibility of (14.262) regulation of a body of propositions by 
its generalization or propositional function, which determines 
what auxiliary propositions are in accord with the whole body 
and what are not. Any revision of a body of propositions or 
of its generalization with respect to new conditions might exhibit 
(14.263) regulation by monads external to the given monad. 

(14.27). There must be augmentation or depletion of a body 
of propositions and its generalization, if any processes are ad- 
mitted in the realm of pure logic. One of the best examples 


11 cf. B. Bosanquet, Implication and Linear Inference, 1920, pp. 8, 18ff. 


440 A WORLD OF EPITOMIZATIONS 


of growth is afforded by the so-called mathematical induction.” 
It is not so easy to recognize ?? (14.271) limits in logie as in 
mathematics; this is due primarily to the fact that, as we saw, 
one can not fix the boundaries of the possible and the non-pos- 
sible, which somehow condition all logical development. 

(14.81). There is nothing to hinder the repeated production 
of bodies of propositions, or generalizations, from terms-in- 
propositions; nor (14.382) reproduction of generalizations, as 
of terms (see 13.82), by a kind of fission, perhaps (14.3211) 
parallel to simple division or (14.3212) budding, or, if separate 
singular subject-terms are formed, (14.3218) a process parallel 
to spore-formation. A rather meaningless process of combina- 
tion of a general proposition with a particular proposition 
subsumed under it, such as is seen in reasoning by substitution,** 
seems to afford (14.3214) a parallel to autogamy. 

(14.33). The process of chief importance here is that of 
the syllogism, which is ‘‘bi-parental.’’ It will be well to recall 
here the point-by-point parallelisms indicated in 13.30, above. 

First of all, in spite of its metaphorical turn and its admix- 
ture of psychology, a remark of Dewey is striking: ‘‘Just as 
we overtly manipulate things, making new separations and com- 
binations, thereby introducing things into new contexts and 
environments, so we bring together logical universals in dis- 
course, where they copulate and breed new meanings.’’** It 
appears that universal and particular propositions such as 
typically are necessary for this process are more likely to be 
formed at this level of generalizations than at the prior level 
of terms-in-propositions. The situation is somewhat like that 
indicated, with another admixture of psychology, by Watt with 
regard to definition. He says that definition is only possible 
in a very late stage of conceptual development, when concepts 
have been formed in myriads, and when complexes of them, 
judgments, and many other processes have wrought them into 
finished form.1> The process which we regard as typical here 
is (14.3312) the union of two categorical premises, one universal 
and one particular, to form (14.8313) a new proposition, the 
conclusion. It is not necessary in every case that there be an 


12 See H. W. B. Joseph, op. cit., pp. 543f. 

13 J. E. Creighton, An Introductory Logic, 1920, p. 142. 

14 J. Dewey, Experience and Nature, p. 194. 

15H. J. Watt, Sensory Basis and Structure of Knowledge, p. 223. 
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explicit universal and an explicit particular proposition; there 
may, for a time at least, be valid reasoning with only general 
and individual propositions concerned. This affords a kind of 
parallelism to alternation of generations, although there is no 
likelihood of regular alternation here between the one mode and 
the other. Various figures of the syllogism illustrate other 
(14.3315) modifications of the process. 

(14.332). Categorical premises, both universal and particu- 
lar, are, according to our view, prepared by special processes 
of reduction which are familiar to us in disjunction, or abandon- 
ment of alternatives. Anticipations of this process may take 
place in terms-in-propositions (see 13.332), but the process is 
most characteristic at this later level. According to our view, 
generalizations may be said to exhibit a kind of cycle of devel- 
opment which leads up to and then away from a syllogism and 
its conclusion. In the intervals between the combinations of 
premises in syllogisms, there is at least opportunity for fresh 
modifications of the subjects of the subsumed singular proposi- 
tions and for readjustments of the attributes of those subjects 
within the body of auxiliary propositions or the generalization. 
It must be noted that here (14.3321) we are concerned only with 
generalizations, universal and particular, which after a ‘‘re- 
ductional’’ process of disjunction or abandonment of alterna- 
tives, become categorical and, as premises, together form the 
conclusion of a syllogism; the auxiliary propositions about a 
given class here, like somatic cells, drop out of account. The 
generalizations with which we are concerned are held to be 
(14.8322) complex as regards the structure of their subject- 
terms; we shall try to show later that they exhibit a pairing of 
alternative attributes (see 13.25322, 13.32113, 14.33242) from 
each of the two premises. 

The generalizations representing a given body of propositions 
may (14.8323) be all of the same quantity, all containing or 
providing for the full number of singular subject-terms—.c., 
may be universal; or, they may differ slightly in number of 
subsumed singular subject-terms, some containing the full num- 
ber, but others, referring to a sub-class, containing only a 
partial or defective number. This is a distinguishing mark of 
the great difference of universal and particular, or restricted 
universal, premises; the difference in inclusiveness recalls the 
dyadic relationship (see 14.1181). We distinguish between a 
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generalization, which may be regarded as quite open as regards 
the number of its subsumed singular subject-terms, and a uni- 
versal, which is here regarded as essentially closed or limited 
to a range of subject-terms, whether or not that range is known. 
A particular term is regarded as still more limited than a uni- 
versal. Thus ‘‘trees’’ or ‘‘tree’’ is a general term for a class, 
where the question of range, although perhaps irresistibly im- 
plied, is not raised. ‘‘All trees’’ is a universal, where the 
range includes every member of the class, trees. ‘‘Some trees”’ 
is a particular. 

In this connection we note that Johnson, speaking of diagrams, 
says that it is requisite that the all-inclusive class, whether re- 
stricted or unrestricted, should be represented by a closed fig- 
ure.® Eaton says that ‘‘all’’ tells us that the universal is signi- 
fied in a certain manner of its oceurrence—its occurrence in a 
class; +" we would say that ‘‘all’’ signifies that a class is taken to 
occur in the manner of a closed universal of a given range or type. 
The number of the singular subject-terms subsumed under a uni- 
versal, whether known or not, is for us parallel to the chromo- 
some number of an XX germ-cell in a multicellular organism: 
the chromosome number may be altered, but if the alteration is 
pronounced, the species of the organism is then altered. Simi- 
larly the number of a universal may be changed, but if it is 
changed a new universal will result. As Thomson says, a good 
species is like a clear-cut idea.t® Our treatment may reconcile 
the older view of universals with that of Bradley, who holds 
it to be a fundamental error to take the universal in the form of 
a collection ;+® for us, the collection is like the somatic cells of 
an organism, but the universal is like an XX germ-cell. Bo- 
sanquet’s view that the universal judgment is distinguished 
from the singular judgment by the predication of a universal 
law of connection,?° and Russell’s statement that the process 
of generalization consists in passing from a number of in- 
stances to the universal truth of a propositional function,** 
seem not to distinguish between generalization and the formation 
of a universal. It is like a failure to distinguish between a 

16 W. E. Johnson, Logic, Part 1, p. 149. 

17R. M. Eaton, Symbolism and Truth, p. 140. 

is J. A. Thomson, System of Animate Nature, Vol. 1, p. 52. 

19. H. Bradley, Principles of Logic, Vol. 1, p. 27. 


20 B. Bosanquet, Logic ..., Vol. 1, pp. 2077. 
21 B. Russell, Introduction to Mathematical Philosophy, pp. 156f. 
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germ-cell and an XX germ-cell. The particular, ‘‘Some men,’’ 
is also a generalization, just as an XY form is a germ eell; it 
represents a further limitation on the range of individual sub- 
jects of the universal. This view of the particular involves a 
quantification of the subject and a procedure awkward for 
symbolic logic.22, A universal does not give a particular without 
the added assumption that some class has members,”? but the 
class with members is here regarded not as existent but merely 
subsistent. 

We suppose that in the preparation of premises (14.3324) a 
complicated process of double reduction of alternatives typically 
takes place in those generalizations, universal and particular, 
which represent bodies of propositions. This process of disjunc- 
tion exhibits surprising parallels to multicellular meiosis. <Ac- 
cording to our general assumption that logically subsistent 
monads exhibit processes and modifications, we suppose that 
(14.33241) in the intervals between syllogistic processes, in each 
future premise a process of reorganization occurs, with fresh 
predications, and possibly fresh determinations of subjects, and 
that the process of reorganization occurs in each singular sub- 
sumed subject-term separately, with subsequent compounding 
of the results in universal or particular propositions ready to 
serve as premises. We suppose that there is in each reorganizing 
and ‘‘unreduced’’ generalization, whether universal or particular, 
(14.83242) a certain typical number of paired or nearly paired 
singular subject-terms, which we may designate by A or a, B or b, 
C or c, ete. It is difficult to illustrate such subject-terms, but 
we must remember that the generalizations represented are in a 
process of reorganization and modification; hence there will 
sometimes, let us say, be a new difference brought out between a 
term which has been a member of a universal class and another 
term which has corresponded to it in many ways but been a mem- 
ber only of a subsumed particular class, and the reorganization 
will entail some combination of the two modified terms or choice 
between them. Strictly speaking, A or a, B or b, etc., may be 
taken as examples of what Johnson calls a ‘‘disjunct’’—not both 
A and a—or as examples of what he calls an ‘‘alternative’’— 
either A or a.24 We would call an alternative an open possibility 

22 C, I. Lewis, op. cit., p. 56. 


23 ibid., p. 195. 
24 W, E. Johnson, op. cit., Part 1, p. 31. 
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of choice between two terms, but call a disjunction the actual 
separation of one term from the other, the decision one way and 
not the other, the choice of one and the abandonment of the 
other. Such processes, although they often involve considera- 
tion of the truth or falsehood of propositions, are detectable in 
the expression of the logical sum.7> According to our view de- 
veloped below (see 14.3332), the singular subject-terms of each 
pair come from different premises of the syllogism, one from the 
universal and the other from the particular. 

We suppose, further, that (14.33243) in the intervening proc- 
ess of reorganization, a new set of paired or nearly paired singu- 
lar subject-terms is developed, in each case corresponding to the 
first set. The reasons for supposing that such a new set is formed 
are not at once apparent, but appear below in connection with 
negative disjunction or rejection (see 14.338246). The new set 
is most easily illustrated by recalling again that the generaliza- 
tion is in process of reorganization and by making the new set 
cover possible changes of subject in such reorganization. For 
every term ‘‘tree,’’ let us say, which at our level continues to be 
discussed, there is some other subject-term which might be dis- 
eussed but is not, and this has also its alternative, as above. We 
designate the new alternative individual subject-terms as A’ or 
a’, B' or b’, C’ or c’, ete., and the double alternatives as 

A or a ‘De OLeD C ore 


A’ or a’ Boor b . Clonee om 
parallel to chromosome ‘‘tetrads.’’ There now follow typically 
(14.33244) two disjunctions, which we may designate by 


voter 


EITHER EITHER EITHER 
Hither A or a KEither B or b Bither C orc 
OR OR OR 


Either A’ or a’, Either B’ or 6’, Either C’ or c’,.. ~ ete. 


The result is that each doubly reduced singular subject is one 
of four possible doubly alternative subjects, 7.e., one of two pos- 
sible alternative subjects; when these results are compounded, 
each universal or particular generalization, now doubly reduced, 
contains only one of each doubly alternative pair of singular 
subject-terms, 7.e., one of each alternative pair of singular sub- 
ject-terms, 2.e., only one member of each ‘‘tetrad.”’ 


25 See B. Russell, Principles of Mathematics, p. 117. 
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These reduced or prepared generalizations are (14.3838245) still 
propositions, but propositions in a peculiar state, having their 
singular subject-terms deprived of alternative subjects. A 
reason why (14.38246) two divisions should be required here ap- 
pears when one remembers that not merely affirmative subject- 
terms but what appear in logic and language as negative sub- 
ject-terms must be provided for; the subject-terms marked A’, 
a’, ete., after ther exclusion and rejection into the enotative, are 
referred to as negatives, and may thenceforth be indicated by 
not-A or not-a, not-B or not-b, not-C or not-c, ete. Russell in- 
eludes the not-S’s with the S’s in the appropriate logical type. *° 
According to our view, Sheffer’s ‘‘rejection,’’ which can be 
made one of the fundamental ideas of logic, is a parallel of 
the first reductional division in meiosis; any proposition con- 
taining ‘‘Neither ... nor’’ is a development of a rejected set 
of alternatives, just as in genetics one might conceivably develop 
the extruded products of the first meiotic division. We should 
say that an alternative is fundamental here, and is presupposed 
in the rejection or disjunction based on it. Bradley notes that 
every denial has a positive side, though that positive side is 
latent and may escape us.?? 

Another aspect of this process of double reduction in each 
singular subject-term is reflected in logical obversion (see 
14.3334). 

The whole process is subject to (14.33247) numerous modifica- 
tions. These include (14.332471) the failure to divide, which in 
the biotic parallel is called non-disjunction, but which in logic 
gives us alternative propositions in the sense indicated above; 
(14.3832472) loss of one or more singular subjects, thus reducing 
the range and ‘‘species’’ of the generalization; and (14.332473) 
interchanges between subject and predicate of the generaliza- 
tion, as in logical conversion. The latter affords the basis for 
a logical parallel to what in biology, if it occurs, is the inheri- 
tance of acquired characters, but the biological process is at 
most much slower and less facile than the logical. We find 
also (14.832474) exchanges of attributes between singular sub- 
ject-terms, illustrated by the affirmation of negative attributes 
and indicating a persistent interchange between constituent 
monads (of the type of 14.241394). Sometimes there is inter- 

26 B. Russell, Introduction to Mathematical Philosophy, p. 162. 

27. H. Bradley, op. cit., Vol. 1, p. 279. 
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change of subject-terms, as in the inversion of an alternative. 
There are also (14.832475) new determinations of subject-terms 
by organizations of their constituent attributes. If once proc- 
esses be admitted in pure logic, such a process is suggested by 
Johnson’s statement that any one determinable such as color— 
we should say, colored—is distinctly other than such a deter- 
minable as shape or time. From color emanate, so to speak, 
specific determinates, red, yellow, green, etc., while from shape 
emanate another completely different series of determinates.”® 
Further, (14.332476) it is not necessary that all the products 
of reduction, %.¢e., the disjuncts, should form new generaliza- 
tions or bodies of propositions; many of them may be subject to 
disintegration. | 

Out of the products of double reduction, or disjuncts, as 
above, each constituting one member of a given tetrad and thus 
a new singular subject-term, the new generalizations comprising 
elass numbers of singular subjects are compounded; the com- 
pounding may be indicated symbolically by the use of the 
‘‘operators’’ II and 3.2° As (14.3325) the results of such com- 
pounding, some of the generalizations subsume the maximum 
number of singular subject-terms, while others—since some of 
the tetrads, from doubly reduced single members of which the 
generalizations have been compounded, were defective or pe- 
euliar—lack the maximum number, or have the maximum num- 
ber with some restrictions. This is to say that some generaliza- 
tions thus compounded are universals, while others are particu- 
Jars. 

Thus prepared, universal and particular propositions from 
oeneralizations of related content typically (14.333) fuse in the 
mediate inference of the syllogism, with the result that a econ- 
clusion is formed (see 14.3313). The conclusion (14.3331) may 
be regarded merely as a proposition, but it is also itself a gen- 
eralization, whether universal or particular, and, as a gen- 
eralization, it represents a whole body of auxiliary propositions, 
which are not used in further inference but which can be de- 
rived from the conclusion in its ‘subsequent interactions, ete. 
The ‘‘fusion’’ of premises is not an incorporative appropriation 
of one generalization by another; it is, rather, (14.3332) a special 
ease of segregation, which differs from ordinary integration be- 


28 W. E. Johnson, op. cit., Part 1, pp. 174f. 
29 cf. C. I. Lewis, op. cit., pp. 140, 234. 


BODIES OF PROPOSITIONS 447 


cause of the peculiar correlation between the constituents. This 
brings us to the special problem of the structure of the conclusion 
of a syllogism—a problem where consideration of the intensional 
logic involved leads to views different from those based merely 
on extensional logic, but not antagonistic to them. 

Let us take as typical a syllogism of the first figure, to which 
those of other figures may be reduced,*° and let us recall that we 
are here in a realm prior to that characterized by spatial rela- 
tionships, so that relationships of logical inclusion or dependence 
are all that are necessary to detect. In a syllogism of the first 
figure, 


M—P All trees are green 
S—M Some organisms are trees 
S—P Some organisms are green, 


the ordinary extensional logic takes the S of the conclusion to be 
identical with the S of the minor premise and regards the middle 
“‘term,’’ one instance of which must be distributed, as elimi- 
nated in the conclusion. Lewis says that elimination in symbolic 
logic gives the kind of result that getting rid of the middle 
term does in the syllogism.* But the process of elimination 
really involves loss of precision (see 13.2202) and broadening of 
range. On our intensional view, however, the conclusion is a 
statement about a class-term S, whose subsumed singular sub- 
ject-terms a, b, c, etc., have respectively attributes or predicates 
m, m, m, which can be at least partially paired with the sub- 
sumed singular subject-terms A, B, C, ete., of a class M, where 
the terms have respectively attributes or predicates p, p, p, and 
the class has the attribute or predicate P. Just as the sperma- 
tozoon penetrates and becomes included in the oocyte, so 
(14.33321) the particular premise becomes associated with, and 
at least in a sense included within, the extension of the uni- 
versal. Just as the essential process for the chromosomes of the 
spermatozoon is a pairing or at least a partial pairing with the 
chromosomes of the oocyte and inclusion within the nucleus of the 
oocyte, so (14.33322) the essential process for the subsumed sub- 
ject-terms of the minor premise is a pairing or at least a partial 
pairing with the subsumed subject-terms of the major premise, 
and inclusion within the class to which the major premise be- 

30 On this and other characteristics of syllogisms, see J. E. Creighton, 


An Introductory Logic, 1920, Chaps. 8, 9, esp. p. 130. 
31 C, I. Lewis, op. cit., p. 194. 
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longs. And just as the cytoplasm of the oocyte appears as the 
cytoplasm of the fertilized egg and is important for future 
differentiations, while the cytoplasm of the spermatocyte is un- 
important, so (14.33323) the predicate of the major premise ap- 
pears in the conclusion and shapes all future predications de- 
veloped from it, while the predicate of the minor premise dis- 
appears in the conclusion as usually stated, and never need be 
more than an attribute of the subject, or minor term. 

With this view of the structure of the conclusion, in parallel- 
ism with the structure of.the fertilized egg, it is striking to com- 
pare the general view and even some of the phraseology in 
Bosanquet’s statement of Bradley’s theory. He says that in 
Bradley’s logic the given minor term passes unchanged into a 
new relation with another given term in the conclusion of a com- 
mon subsumptive inference. ‘‘From the very first, in the formal 
syllogism itself, of which the data are furnished ab initio, ... 
there is yet a fusion and an enlargement which develops their 
meaning. The subject of the conclusion, the minor term, ap- 
propriates to itself an import and an amplification which, as 
first presented, it did not possess. Even here we can see the 
three phases ... ‘the starting place, the operation, and the 
modification of the starting place.’ And in the operation the 
original subject has begun to expand, and prepares to appropri- 
ate its new predicates through this expansion. . . .”’ 

Bosanquet goes on to say that ‘‘to do justice to the formal 
syllogism at its best . . . the minor term gave the starting place, 
which might be a more or less accidental datum; the middle 
term, recurring as a point of junction, and emphasized as such 
in the two premises, represented the content and process of a 
middle operation; and the major term, attached to the minor in 
the conclusion, was taken as a modification whose attachment to 
the minor was rendered possible by the process-content which 
the middle term, as cause or reason, represented. . . . The three 
propositions contained ... the typical advances... from 
phase to phase, and finally the penetrating connection or attach- 
ment which is the axis that binds the two extremes together.’’ *? 

The attributes of the two subjects (14.33324) are not entirely 
antagonistic, but at least to a certain extent reinforce one an- 
other; for instance, all trees and organisms mentioned in the 
illustration might be healthy, or tall. Where there is antag- 


82 B. Bosanquet, Implication and Linear Inference, pp. 116, 136f. 
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onism, it may be indicated by a negative in one premise, and the 
negative then dominates the conclusion. Like most segrega- 
tions, (14.33325) all this can be viewed as a development within 
a later monad, such as a theorem. 

The (14.3333) results of syllogistie reasoning, embodied in 
some traditional rules of the syllogism,** may be compared to 
corresponding data in multicellular organisms. Thus (14.83331) 
if a universal major is combined with a universal minor, the re- 
sult is a universal conclusion; but (14.33332) if a universal 
major is combined with a restricted universal minor or particu- 
lar minor, the result is a restricted universal or particular con- 
clusion. Further, (14.83333), two particulars give no con- 
clusion, and (14.33334) two propositions from unlike fields, 2.e., 
with more than ‘‘three terms,’’ give no conclusion. In logic we 
may indicate with more vividness than in the biotic parallel 
(14.3833385) the results of fusion involving one or more of the 
subject-terms and generalizations rejected in ‘‘reduction’’ (see 
14.383244). Thus (14.3333851) if one premise is negative, the 
conelusion is negative—that is, in this case indicates something 
enotative because rejected. Unless there is some positive attrib- 
ute with which to characterize the otherwise enotative negative, 
this applies in symbolic logic when not-p is substituted for q,°* 
or when one member of an equation is reduced to zero. But 
(14.333352) two negatives may, under exceptional circumstances, 
yield a conclusion,*® although the result is negative and eno- 
tative. 

Moreover, (14.3334) there are between affirmative and nega- 
tive universal and particular propositions all having the same 
subjects and predicates—1.e., between various generalizations 
made up out of an assemblage of ‘‘tetrads’’—certain relation- 
ships of inclusion familiar in the square of logic.*? The uni- 
versal includes everything which the particular has, and more; 
for example, an A proposition includes an I proposition. There 
are corresponding relationships of exclusion; an A proposition, 
if not itself excluded along with it, excludes an E proposition 

83 See J. E. Creighton, An Introductory Logic, pp. 115f. 

84 cf. A. N. Whitehead and B. Russell, Principia Mathematica, 2.01, 1925, 
p- 100, and C. I. Lewis, op. cit., p. 285. 

35 cf. C. I. Lewis, op. cit., pp. 1947. 

36 F. H. Bradley, op. cit., Vol. 1, p. 278. 


87 For the square, see J. E. Creighton, An Introductory Logic, 1920, p. 
101. 
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with the same subject and predicate; for example, the classes 
of all trees and all not-trees have certain relationships of ex- 
elusion, and hence take at least some attributes which exclude 
one another. In logical obversion, if our proposition is ‘‘ All 
trees are green,’’ the obverse ‘‘No trees are not-green’’ is not 
identical with it, nor strictly speaking, even equivalent to it; 
it is a statement of another proposition compatible with it, 
but belonging on the opposite side of the alternative, and hence 
requiring a negative, the sign of exclusion, for attributes as well 
as for the subject-term. Sometimes a difference of attributes 
carries with it exclusion from a class; this is the opposition of 
contradictories, A excluding O, and EK excluding I. 

Not all the constituents of the ‘‘tetrads’’ are used in as- 
sembled universals and particulars (see 14.332476). Of course, 
(14.3335) if any universal is to be formed, the maximum number 
of singular subject-terms belonging in that class must be sub- 
sumed under it and the subject-terms must be in that respect 
homogeneous; hence many combinations and assortments of 
terms will be inadequate for such a universal. But any com- 
bination of terms which falls short of a universal may constitute 
a particular. After the conclusion has been formed, (14.3336) 
it may have a long process of modification, with a building up 
of interrelations, etc., in the body of auxiliary propositions be- 
fore it again takes part in a syllogism. Sooner or later, too, 
(14.3337) the premises may be discarded, and the conclusion 
Serve aS a new proposition, or lemma. It is not necessary to 
carry along all the prosyllogisms of a piece of reasoning. 

(14.384). There has been wide difference of opinion about 
the value of syllogistic reasoning. Bradley thought it was im- 
possible that there should be fixed models for reasoning.*® 
Lewis thinks that the reasons for the syllogistic form are psy- 
chological, not logical; the syllogism, made up of the smallest 
number of propositions, each with the smallest number of terms 
with which any generality of reasoning can be attained, repre- 
sents the limits of human attention, not logical necessity.™ 
Pillsbury has noted that, according to recent theories, the 
dependence of a conclusion on premises does not mean deriva- 
tion from them.*° But it appears from our treatment above 

88 I’. H. Bradley, op. cit., Vol. 1, p. 268. 

39 C. I. Lewis, op. cit., p. 1. 


40 W. B. Pillsbury, ‘‘Recent Naturalistic Theories of Reasoning,’’ Set- 
entia, 36, 1924, p. 30. 
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that such a process of reduction and chance combination will 
combine continuity, stability, and variety. Whitehead remarks 
that novel ideas are more apt to spring from an unusual assort- 
ment of knowledge,*? and the range in the logical realm must 
be far wider than in the neuropsychological. 

(14.34). We may assume that in bodies of propositions in 
course of development, the processes of reproduction which are 
characteristic of terms-in-propositions persist. These processes 
result not merely in new singular propositions, but in new 
auxiliary propositions about the class; the processes are particu- 
larly involved in any case of growth. 

(14.85). The (14.851) resemblances and (14.352) differences 
of bodies of propositions are summed up in those of generaliza- 
tions and classes and are (14.353) valuable for classification. 
The classification introduces (14.86) serial arrangements, for 
instance in (14.3622) the order of inclusiveness of classes or in 
(14.3624) the order of propositions in a sorites. The serial 
arrangement points to (14.37) a possible parallel for the periodic 
table of the atoms (see 13.37). 

(14.38). Propositions connected in inference are related by 
implications, which can be set parallel to the data of heredity 
in biology, Implication is particularly difficult to define; 
Peirce’s view that the implicative or illative relation is that of 
being contained in,* or Lewis’s definition as that relation which 
is present when we validly pass from one assertion or set of 
assertions to another without any additional evidence,** may be 
taken as preliminary rather than critical definitions. Bertrand 
Russell has maintained that implication can not be defined; 
truth and falsehood give us new implications, not a definition 
of implication. And equivalence means mutual implication, 
so implication is still fundamental.*4 Lewis notes the ‘‘peculiar 
involution’’ of logical questions, but says that until ‘‘implies’’ 
has some valid meaning, there is no criterion of validity, and 
no possibility of arguing the question whether there is one or 
not.** 

According to our view, implication is primarily a relationship 
in the logical realm, far antedating the cosmogonic. Since the 
principles of logic, when formulated in remote abstractions, are 

41 A, N. Whitehead, Introduction to Mathematics, 1911, p. 138. 

42 C. I. Lewis, op. cit., p. 79; cf. pp. 120f. 

48 ibid., pp. 324f. 

44 B. Russell, Principles of Mathematics, pp. 14f. 
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so nearly tautologous, any definition of implication will contain 
implications, but this need not prevent an attempt to describe 
the relationships called by that name. On account of the rela- 
tive individuation of logical monads in their enotative milieu 
of the non-possible, later reflected in the principle of the implicit 
duality of thinking, the non-possible can not be described, and 
any exclusion into the impossible in the name of ‘“‘strict logie’’ *° 
becomes, in the abstract, arbitrary. Thus implication, for us, 
is primarily formal implication, which, without reference to 
questions of existence,*® is to be described in accordance with 
the monadic characteristics. Material implication represents a 
relationship between logical monads as these persist in later 
realms (see Chapter XXXIV, 10). 

The term ‘‘implication’’ (14.8801) may be taken to indicate 
either a process or its results. The process involves (14.8802) 
certain retentions of attributes, etc., in premises; (14.3803) 
transference to the conclusions; and (14.3804) effects in char- 
acteristics or attributes of the conclusions, which as we saw, are 
conditioned especially by the predicate of the major term. 
There seems to be ?? (14.8805) no parallel for the developing 
embryo, but the process of development may (14.3806) condi- 
tion and be conditioned by the organizations of various bodies 
of propositions into theorems and universes of discourse. The 
data (14.3807) are of vast complexity and difficult or impossible 
to trace through in all detail; on any view, it is hard to tell why 
certain implications hold and others do not. Such sequences 
and relationships as are traceable (14.8808) operate within the 
limits of given universals or types and help to determine those 
limits. 

In (14.881) an elaborate classification of data, we might con- 
sider (14.8811) relationships of bodies of propositions or gen- 
eralizations in theorems or universes of discourse which are only 
remotely connected, as in propositions of different types; and 
the relationships might be those of (14.38111) derivation, 
(14.38112) cognate classes or members of classes, or, for Bosan- 
quet, (14.38113) implication within the ‘‘conecrete universal.’’ ™ 
Again, we might take (14.3812) relationships between different 
bodies of propositions, as represented in their respective gen- 

45 cf. C. I. Lewis, op. cit., pp. 293, 333. 


46 cf. ibid., pp. 248, 328; also in G. P. Adams, ed., Contemporary Ameri- 
can Philosophy, Vol. 2, p. 37. 
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eralizations, universal or particular. We might consider, too, 
the relationships of generalizations and auxiliary propositions 
about the class in the same body of propositions, parallel to 
the relationships between germ-cells and somatic cells in the 
same multicellular organism. As regards (14.38121) subordi- 
nate relationships of generalizations, a class is ‘‘ R-hereditary’’ 
when its defining property is R-hereditary ;*7 but this, for us, 
does not necessarily involve a process of reproduction (see 
13.381). Where there is reproduction, implications (14.381211) 
will differ according to the processes involved (see 14.32, 14.33), 
and (14.381212) may be modified by change of subject due to 
loss of singular subject-terms. The (14.88122) coordinate rela- 
tionships here include the processes of ‘‘immediate inference’’ 
familiar in the square of logic (see 14.3334). 

Proceeding into more detail, we might consider (14.3813) 
relationships of constituent singular subject-terms, subsumed 
under generalizations, universal or particular. With our in- 
tensional doctrine that predication is appropriation which re- 
sults in modifications of subject-terms by relations which come 
to inhere as attributes in the subject-terms, we may take such 
subject-terms either as the members of a class or virtually as 
the propositions subsumed under a generalization. Thus we 
modify Russell’s statement that the relation of implication 
holds between nothing except propositions,*® and, with Lewis, 
eall the logic of classes ‘‘the logic of formal implications and 
equivalences which obtain between the propositional functions 
which determine the classes.’’*+2 The relationships of terms 
belonging within a given generalization are to be distinguished 
from those of terms belonging within or subsumed under dif- 
ferent generalizations. Johnson says that (14.381381) a class 
may include another class when there is a direct implicative 
relation of propositions.°° As in the biotic parallel, it may 
be difficult to distinguish here between subordinate and 
(14.38132) coordinate relationships, but it appears that in pass- 
ing in inference from one generalization to another, certain co- 
ordinate relationships of the individual subject-terms within 
a given generalization are of a good deal of importance. These 
relationships are alternation (or presentation of alternatives), 

47 B. Russell, Introduction to Mathematical Philosophy, p. 25. 

48 B. Russell, Principles of Mathematics, p. 34. 

49C, I, Lewis, Survey of Symbolic Logic, p. 262; cf. p. 321. 

50 W. E. Johnson, op. cit., Part 1, p. 148. 
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disjunction, exclusion, and conjunction. This needs to be es- 
tablished in some detail. 


We consider possible alternations, disjunctions, exclusions, and con- 
junctions of such individual subject-terms. What is said in most cases 
holds of groups of terms, just as what is said about chromosomes 
often holds of groups of chromosomes. A study of implication in the 
definitions and postulates of Principia Mathematica indicates that it 
is essentially a process of alternation and exclusion, rather than a 
“being contained in.” Our study is concerned with neither material 
implication, nor psychology, nor epistemology, nor actual validity, but 
with formal implication in the sense of relationships between monads 
within the realm of pure logic. We accordingly substitute for “is 
true,” “is retained,” 7.e., within the logical universe, and for “is 
false,” “is excluded” from the logical universe—although we are not 
able to fix the bounds of the possible or, still less, the non-possible. 
With this modification, the definitions and postulates of Principia may 
be read as follows: 54 

1.01. “ p implies q” signifies “ either p is excluded or q is retained.” 

1.1 Anything implied by a retained elementary proposition is re- 

tained. 

1.11. When an attribute ¢ of x is retained, and ¢% implying ¥z is 

retained, then ¥x can be retained. 


Reading the “implies” sign by “If . .. then,” the primitive propo- 
sitions, which indicate formal principles of deduction,®? may be inter- 
preted: 


1.2. If either p is retained or p is retained, then p is retained. 

1.3. If q is retained, then either p is retained or q is retained. 

1.4. If either p or q is retained, then either q or p is retained. 

1.5. If either p or “gq or r” is retained, then either g or “ p or r” 
is retained. 

1.6. If “if q is retained then r is retained” is retained, then “ if 
either p or q is retained then either p or r is retained” is re- 
tained. 

1.7. If » is an elementary proposition when retained, it is an ele- 
mentary proposition when excluded. 

1.71. If p and q are elementary propositions when retained, p or q 
are elementary propositions when retained. 

1.72. If¢p and Yp when retained are elementary propositional fune- 
tions which when retained take elementary propositions as 
arguments, then “either ¢p or Yp” when retained is an ele- 
mentary propositional function. 


Si cf. A. N. Whitehead and B. Russell, Principia Mathematica, 1925, Vol. 


1, pp. 947. 
52 cf. B. Russell, Introduction to Mathematical Philosophy, p. 149. 
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We make no attempt to go beyond these definitions and postulates 
of Principia Mathematica as thus modified, nor even to examine them 
in more than a few points. With the possible exception of 1.2, accord- 
ing to one’s view of identity, any of those from 1.2 to 1.6, inclusive, 
can be interpreted in ways suggesting “being contained in,” or in- 
clusion, with coextension or coincidence as a special case. But this 
inclusion becomes definite only as it pertains to the two sides of an 
alternative, and the definition of implication, which, as 1.01, is funda- 
mental to all these primitive propositions, is framed in terms of an 
alternative and an exclusion. In postulates 1.2 to 1.6 inclusive, there 
is at least a double alternative—one alternative carrying the exclu- 
sion which by definition 1.01 characterizes the primary process of 
implication, and another secondary alternative indicated by the two 
words “either... or.” In 1.2, an alternative p is discarded and is diffi- 
eult to distinguish from the one retained; in 1.3, any retained propo- 
sition is regarded as derived from an alternative by exclusion. In 
1.4, an alternative is reversed. Russell says that this would not be 
needed if we had a better notation, but it shows that the order of 
notation in disjunction is irrelevant.®? In 1.5, we have a double or 
compound alternative with an interchange of some constituent ele- 
ments. In 1.6, we have a still more complex set of alternatives, with 
the added feature that the implication with which we start may acquire 
fresh alternative elements and still retain its original feature. 

Furthermore, a study of implication in the postulates of Lewis 
makes it appear interpretable only with difficulty as a “ being contained 
in,” but as essentially a process of exclusion and conjunction (logical 
multiplication). Construing Lewis’s strict implication *? after the 
fashion already employed for Principia, we find that by definition: 

1.02. “wp implies q” signifies “It is impossible that » should be re- 

tained and q excluded.” 

Again reading the sign “implies” by “If... then...,” 

1.1. If both p and q are retained, then both q and p are retained. 

1.2. If both q and p are retained, then p is retained. 

1.3. If p is retained, then both p and » are retained. 

1.4. If p and “gq and r” are retained, then g and “yp and r” are 
retained. 

1.5. If p is retained, then “ p is excluded” is excluded. 

1.6. If “if p is retained, q is retained” and “if q is retained, r is 
retained ” are retained, then “if p is retained, r is retained ” 
is retained. 

1.7. If it is excluded that p should be retained, then p is excluded. 

1.8. If “if p is retained, q is retained” is retained, then “if q is 
excluded, p is excluded” is retained. 


53 C, I. Lewis, op. cit., pp. 29377. On 1.8, cf. Jour. Phil., 17, 1920, p. 
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Lewis makes use of three operations: (1) substitution, whereby, for 
example, any proposition may be substituted for p or q or 7, ete., and if 
p is a proposition, then “ p is false” and “ p is impossible ” constitute 
propositions; (2) inference, whereby if p is asserted and “p im- 
plies q” is asserted, then q may be asserted; and (3) production, 
whereby if p and q are separately asserted, then » and q together mky 
be asserted. 

Here again we make no attempt to go beyond the initial steps of 
the system, but note only some points which we consider essential. 
Lewis’s postulates 1.1 to 1.4, inclusive, might under certain assump- 
tions constituting special cases, be interpreted in terms of “ being 
contained in.” Postulates 1.5, 1.7, and 1.8 might, also, if one as- 
sumed a peculiar meaning of “ contained” which would make the in- 
eluded to be contained in a wider environing enotative or inno- 
tative region with which the included, so far as we can say, has nothing 
in common except a boundary (see 13.22053). Only postulate 1.6, 
which is connected with the syllogism and recalls Euler’s ecireles,®* 
seems to be really construable without ambiguity in terms suggest- 
ing “being contained in”; but an intensional theory would indicate 
that this postulate does not quite fit the structure and processes of 
the syllogism;°> if q can be inferred from p, and r can be inferred 
from q, then r can be inferred from p” is more like saying that if a 
chromosome of the F, generation can be traced to a chromosome of the 
I’, generation, and if a chromosome of the F,, generation can be traced 
to a parent, then the F, chromosome can be traced to the parent; the 
difference between this and the intensional view of the syllogism (see 
14.3332) is like the difference between saying that in the biotic realm 
the parent generation and the F, generation have cooperated to pro- 
duce I',—which is true enough—and saying more precisely that two 
members of the parent generation and two of the F, generation have 
produced F, by the special kind of exclusion and conjunction found in 
reduction and fertilization. In short, it appears that for Lewis’s postu- 
lates, the relationship essential to implication is at least not alone that 
of being contained in, but involves also exclusion and conjunction. 


Judged by all these considerations, the way appears to be 
open for a study of implication. which will emphasize not mere 
derwation, but alternatives, disjunctions, exclusions, and con- 
junctions; and our suggestion, in accordance with the hypothesis 
of epitomization, is that all these processes of singular subject- 
terms in generalizations, with their attributes, stand parallel 
to processes which are beginning to be detected in the chromo- 


54 ef, C. I. Lewis, op. cit., p. 265. 
55 *“Tntensional’’ is here used in the sense of our 13.21, above. 
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somes of germ-cells with their genes, in accordance with the 
Mendelian theory (compare 13.32113). The implications traced 
by Whitehead and Russell and by Lewis then appear as special 
cases within a wider scheme. It should be remembered that 
here both members of the parallelism, and all alternatives, dis- 
junctions, exclusions, and conjunctions are schematic and ab- 
stract; we do not say that a definite proposition of a certain 
given content is epitomized in a definite cell in some concrete 
case of Mendelian heredity. Many points of detail must re- 
main to be worked out in the logic, as indeed in the biology, 
and, in particular, allowance must always be made for the fact 
that changes of subject are relatively much more facile in logie 
than modification of species is in biology. But with all this, it 
is plausible to say that the splitting or disjunction of alterna- 
tives by exclusion (1) gives rise to subject-terms which may be 
very similar though, strictly speaking, not identical—as in 
Whitehead and Russell’s primitive proposition numbered 1.2 
and Lewis’s postulate 1.3. Again, the similarity may be that 
of members of a type or range, while the attributes are differ- 
ent enough to be characterized by negatives. This appears 
when, in Lewis’s operation of substitution or Principia’s propo- 
sition 1.7, as above, if p is a proposition, then ‘‘p is false’’ 
or ‘‘p is impossible’’ is also to be accorded the status of a 
proposition. Moreover, this disjunction and exclusion, by pro- 
viding for each singular subject-term an alternative or negative, 
(2) tends to keep constant the number, although, considered 
intensionally, not necessarily the kind of singular subject-terms. 
There is also (3) a tendency, in so far as there is logical con- 
sistency, to keep constant the specific predications in which the 
subject-terms will manifest their characteristic interactions, al- 
though this may be modified by changes of subject. Finally, 
singular subject-terms and terms-in-propositions (4) exhibit 
conjunctions which constitute, as for Lewis, one of the essentials 
of implication. 

In connection with singular subject-terms, the subordinate, 
coordinate, and possibly (14.88133) mutual relationships to- 
gether would accommodate the data concerning the quantity 
of the conclusion of a syllogism, and the data concerning ex- 
eluded singular subject-terms which ‘‘might have been’’ devel- 
oped (see 14.33335). An intensional view of the structure of 
universals and particulars and their combination in syllogisms 
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affords an interpretation of the symbolism for the implications 
of propositional functions in two variables.°® But an indeter- 
minate implication—indeterminate because it involves exclusion 
of the false propositions—can be only indeterminately developed. 
This in the two-valued algebra is the source of the ‘‘peculiar 
propositions,’’ to the effect that a false proposition materially 
implies any true proposition. Lewis has analogues of these 
peculiar propositions in his system of strict implication.** 

If the way is open for a view of implication which provides 
more explicitly for the alternatives, disjunctions, exclusions, 
and conjunctions mentioned above, it might be formulated 
for the singular subject-terms, a, not-a, b, not-b, as ‘‘either a 
or not-a, together with either b or not-b,’’ or, put symbolically, 
(a|-a) + (b|-b). These singular subject-terms may be regarded 
as subordinate to, 7.e., derived from, the excluded pairs ‘‘ Neither 
a nor not-a,’’ ‘‘Neither b nor not-b,’’ and not-a may be re- 
garded as subordinate to a and not-b to 0; or the relationships 
may be those of coordinate singular subjects distributed through 
various cognate generalizations. The above formula is de- 
signed to include the Principia and Lewis postulates, ete., as 
special cases. For instance, Lewis requires that p and -q should 
be disjoined, and one of them rejected as impossible; for us, 
it would be a matter of chance whether p and -q, or p and q 
were disjoined. In the cases where p and -q were disjoined and 
other distributions conforming to Lewis’s postulates occurred, 
Lewis’s results would follow, although his employment of nega- 
tives would leave some of his results indeterminate. Disjunctive 
syllogisms, containing dilemmas, are special cases involving link- 
ages, with alternatives and exclusions. Such a broadening of the 
range of formal implication would help to offset the fragmentary 
and apparently fortuitous character of material implication, 
which makes it possible for Russell to maintain that there is no 
logical necessity why anything should follow from anything 
else,°’ and at the same time would open up whole regions of pos- 
sibilities, such as are beginning to be noticed in contemporary 
logic. Moreover, such a broadening of range accommodates not 
merely implication in the usual sense, but also other composite 
functions,®°® whereupon ‘‘queer’’ but more general logics result. 


56 cf. C. I. Lewis, op. cit., p. 259. 

57 ibid., pp. 328, 3357. 

58 B,. Russell, Analysis of Matter, p. 88. 

59cf. W. E. Johnson, op. cit., Part 1, pp. 307. 
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According to our view, attributes may determine subjects, and 
subject-terms may be referred to by their determining attri- 
butes. Akin to this is Johnson’s statement that there is an exact 
parallel between the relation of contradiction or contrariety 
among adjectives that could be predicated of a given substantive 
and among propositions which could be formulated as charac- 
terizing a given fact. Since attributes may determine subjects, 
the distributions of subject-terms in generalizations can be 
studied from the point of view of constituent attributes as well 
as from that of subject-terms. On the other hand, implications 
between relations ** are often best regarded as implications 
between the terms related. 

Within the bodies of propositions or the generalizations, we 
may consider (14.8814) constituent relations, either as attributes 
inhering in the subject-terms or in the predicates, and in the 
same generalization or different generalizations. Here could 
be accommodated the fact that the predicate of the major term 
is the predicate of the conclusion of the syllogism, as well as the 
fact that the subject of the minor term must by way of the 
middle term(s) be correlated with the subject of the major. In 
connection with (14.88141) subordinate as well as (14.38142) 
coordinate relationships of attributes or predicates, we should 
consider variations, particularly those traced to modifications 
in reductional processes (see 14.33247). | 

Coordinate or possibly (14.381438) mutual relationships be- 
tween attributes are suggested by Johnson’s statement that if 
of two substantives the same determinate adjective, e.g., ‘‘red,’’ 
ean be predicated, then all the adjectives and relations definable 
in terms of the determinable that can be predicated of one can 
be predicated of the other, but in the case of an indeterminate 
adjective, e.g., ‘‘colored,’’ this would not follow. He goes on 
to say that there may be some real deep-rooted form of connec- 
tion between unlike characters, which if it could be explicitly 
rendered would have its logical place amongst relations such as 
those discussed.” For Bradley, the attributes of one subject 
are interrelated ©? (see 14.882475). A parallel for sex-linked 
characters, with genes present or absent, appears in the fact that 
attributes, whether affirmed or denied in the minor premise, 

60 ibid., Part 1, p. 15. 

61cf. C. I. Lewis, op. cit., p. 220. 


62 W. E. Johnson, op. cit., Part 1, pp. 183, 191. 
63 F', H. Bradley, op. cit., Vol. 1, p. 265. 
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belong typically in the first figure to the restricted universal or 
the particular proposition. Supposing now that the same prem- 
ises may operate to produce their conclusion more than once, we 
find that when paired attributes A,a, from universal and par- 
ticular premises, respectively, are distributed statistically 
through the conclusions derivable from those premises, we have 
in each conclusion Aa; Aa; Aa... ete. And when these 
members of each pair are disjoined and united again, the statis- 
tical result is AA; Aa; aA; and aa,—which parallels the or- 
dinary Mendelian F, ratios. But now counting the alternatives 
rejected into the enotative when the original premises were 
prepared in their reductional process, we should have in each 
of the first conclusions 


Hither A or not-A, together with either a or not-a. 


This, with changes in symbolism, states for attributes deter- 
mining subject-terms what our theory of implication, sym- 
bolized by (a|-a) + (b|-b), states for the connection of sub- 
ject-terms in inference. The next inference would have more 
elaborate alternatives, 

{(a|-a) | (b|-b)} + {((-a| a) | (-b | 6)}. 

(14.41). A body of propositions might conceivably disinte- 
grate more readily than a term in a proposition, especially if not 
summed up in characteristic generalizations. Here, as at the 
former level, the process of (14.418) solution, particularly by 
employing ‘‘nothing’’ or zero, is important. 

(14.42). Bodies of propositions, or generalizations, may be 
aggregated in classes of generalizations, taken in extension. 

(14.48). Perhaps it is within such aggregates that new 
organizations occur, which we call theorems and regard as mon- 
ads of the next level. Just as a generalization is composed of 
a number of terms-in-propositions, so a theorem is composed of 
a number of generalizations. It may be built up out of (14.431) 
premises and conclusions in processes of inference, just as a 
society may be built up by different generations ‘‘staying to- 
gether’’ after processes of reproduction. In a theorem some 
consequences deducible from constituent propositions (14.482) 
become irrelevant. 

(14.44). Within the new monad constituent generalizations 
or bodies of propositions may (14.441) retain prominence, often 
making it difficult to detect the larger monads; or (14.442) new 
generalizations may be developed. 
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CHAPTER XXVI 


THEOREMS: SCIENCES: SysteMs: THE ‘‘UNIVERSE OF 
DISCOURSE’’ 


“Systems are frequently more readily dealt with when regarded as 
components of more extensive systems.” 
A. B. Kempe, Royal Society of London, Philosophical Transactions, 
Pf aeooly p. <. 


“The system S$ may, probably does, contain new continents of order 
whose existence we do not even suspect.” 


C. I. Lewis, A Survey of Symbolic Logic, 1918, p. 370. 


Theorems 


(15.00). It is commonly held among realists that a realm 
of logical propositions somehow subsists, but usually no processes 
are admitted in such a realm and no larger integrations of 
propositions are discerned. The discernment of larger monads, 
however, becomes difficult for us in the parallel cosmogonic, 
biotic, and neuropsychological realms at corresponding levels, 
and these other cases are enough to suggest that the larger 
logical monads are at hand if we look for them on an appropriate 
scale and in appropriate ways. Examples of such monads, 
composed of generalizations and terms-in-propositions, are im- 
possible to illustrate without an admixture of monads of the 
other realms, since, as has been said, we see everything from 
within the neuropsychological, the biotic, and the cosmogonic, 
and contemplate the logical only as refracted through these or 
as persistent within them. With these limitations, we may take 
as examples of the monads of this level any fairly coherent para- 
graph of discourse, or the more compact theorems of Spinoza, 
or the still more compact theorems of Euclid, although it should 
be noted that we are here concerned merely with the form and 
not the content of such work. By ‘‘theorem’’ is meant a given 
generalization or proposition together with the generalizations 
or propositions which ‘‘demonstrate’’ it, or exhibit its logical 
ground. 
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(15.10). Much of the difficulty concerning the individuation 
of these monads disappears when it is recalled that such indi- 
viduation is (15.11) relative and may be regarded as (15.12) 
convergent. That monads of the order of theorems subsist in 
(15.13) various degrees of organization is evident from the 
fact that (15.183) one may contain others as constituents or 
earry others as corollaries. It is plausible to suppose that their 
individuation is (15.14) modified by their other monadic char- 
acteristics. 

(15.20). The interactions of theorems, etc., considered as 
monads, are difficult to distinguish from the interactions of their 
constituent generalizations or terms-in-propositions. But when- 
ever such interactions of one constituent can be thought of as 
passed on to another, or as modifying other constituents within 
the theorem, the process may be regarded as belonging to the 
theorem as a whole. Interactions are selective in the sense that 
some modify a theorem much more than others do. Of (15.21) 
appropriations, the (15.211) ineorporative are easiest to con- 
sider; any new consideration, particularly in the form of 
(15.2112) a proposition, ‘‘adduced’’ or assimilated into a given 
theorem is an example. Of (15.212) non-incorporative appro- 
priations, any (15.2122) scholium attached to a theorem as 
additional citation rather than by deduction might serve to illus- 
trate the principle. Interactions opposed to these may be 
termed (15.22) rejections, and appropriations and rejections 
may be (15.23) combined in various ways. The (15.24) per- 
sistence of characteristic interactions on the part of constituent 
monads is so evident in such examples as we can envisage that 
it is hard for us to see that a theorem can be a monad in its own 
right. 

The point of chief interest at this level is that of (15.25) the 
structure of theorems. It is obvious that one can (15.251) start 
with a relatively simple theorem and (15.252) build up more 
elaborate structures which in theorems culminate in the ‘‘Q. 
EK. D.,’’ and which (15.2532) contain all the prior logical mon- 
ads. In particular, many theorems concerning continuity, in- 
finity, ete., may be said not merely to refer to, but according 
to our view, to contain possibilities along with relationships 
and terms, and should be considered in this light. Theorems 
may easily be complex enough to contain (15.2533) other theo- 


icf. A. N. Whitehead, in Sixth International Congress of Philosophy, 
Proceedings, p. 64; Process and Reality, p. 96. 
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rems, although in demonstrations these are often merely referred 
to rather than incorporated in full. And if mathematics is 
really grounded in logic, we should expect that it would be 
within certain logical theorems that (15.2534) the initial mon- 
ads of mathematics would appear (see 21.00). 

As regards (15.254) major differentiations, in a pre-spatial 

realm considerations of central and peripheral regions must 
yield to considerations of dependence; such dependence is fa- 
miliar in the better organized paragraphs of discourse and 
persists in mathematical reasoning, where (15.2541) certain gen- 
eralizations or propositions are adopted at the outset as funda- 
mental to what follows. Although the generalizations represent 
whole bodies of auxiliary propositions, the latter are ordinarily 
disregarded, and are of less account in a theorem than somatic 
cells in a society. After the first generalizations are laid down, 
(15.2542) other generalizations are developed in dependence 
upon these, and are called ‘‘intermediate steps.’’ Upon the 
intermediate steps, in turn, depend (15.2543) the conclusion and 
its corollaries. 
- (15.255). In a theorem there is an obvious dependence upon 
initial generalizations, axioms, ete. These may be said to 
(15.2551) determine the whole theorem, in the sense that in 
so far as they hold they determine the propositions to be in- 
cluded or excluded. We speak of intermediate steps in a course 
of reasoning, and if there is any revision of the reasoning, the 
effect of the revision exhibits a kind of (15.2552) transmission 
along the intermediate steps. The initial or fundamental gen- 
eralizations may be last and least affected, but an initial revision 
of these may require progressive revision ‘‘all along the line.’’ 
So far as can be seen, new conditions may occur anywhere in 
a theorem, but perhaps it is ?? (15.2553) conclusions, rather 
than intermediate steps or initial generalizations, which typi- 
eally come first into contact or conflict with the conclusions of 
other theorems. 

(15.26). Regulation is plausible here, particularly in 
(15.261) an organic view such as that sponsored by Bosanquet. 
An. initial generalization seems to show (15.262) referential reg- 
ulation, while the careful adjustments of one theorem to others 
may be construed as (15.263) regulation with reference to 
something external. 
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(15.27). The growth and depletion of theorems seems not 
out of the question; and the fact that one theorem so often 
follows from another seems to indicate a process of (15.32) 
fissional reproduction. The (15.351) resemblances and (15.352) 
differences of compactness and interrelationships of parts would 
doubtless afford a basis for (15.353) classification parallel to 
that of stellar systems and solar-planetary systems; although 
?? (15.36) serial arrangements would be difficult to find out, and 
?? (15.37) periodic relationships undiscoverable, unless in con- 
nection with the doctrine of types. Probably with complete 
data one might trace (15.88) connections of the nature of 
implications. 

(15.43). Theorems seem to be integrated into larger monads 
which, for the lack of a better term, may be called sciences. The 
term ‘‘universe of discourse’? might be used but is better re- 
tained for the most inclusive monad (see 19.00). 


Sciences, Ete. 


(16.00). Woodbridge remarks that the degrees of generality 
which mark the constitution of language show us very clearly 
that our attempts to tell what we think about tend to become 
unified in a number of unified and coherent systems which we 
call knowledge, the sciences, or branches of learning.? Con- 
cerning sciences, in our sense of the term, the monadic charac- 
teristics may be said to apply, although they apply more vaguely, 
just as they do when the parallel levels of galaxies and nations 
are compared with prior monads in those realms. 

Of particular importance in (16.25) structure are (16.2541) 
the axioms of a given science. In the matter of (16.26) regula- 
tions, the essential point of (16.262) referential regulation is 
brought out by Keyser in the statement that whenever you as- 
certain the group of all the transformations that leave invariant 
some specified object or objects of thought you thereby define 
perfectly some actual or potential branch of science, or 
(16.264) some actual or potential doctrine.* 

In the actual concrete sciences, we have cases of (16.27) growth 
and both (16.81) repeated production and (16.382) reproduc- 
tion. Certain (16.36) serial or hierarchical relationships be- 
tween the mathematical, natural, and social sciences lead to the 


2¥F. J. E. Woodbridge, The Realm of Mind, p. 35. 
3C,. J. Keyser, Mathematical Philosophy, p. 215. 
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conjecture that such relationships have a basis in the realm of 
pure logie. 

(16.483). <A great group of ‘‘sciences,’’ we might say, can be 
integrated into a larger organization, which we may eall a 
‘‘system,’’ or perhaps a ‘‘philosophy,’’ although in the realm of 
pure logic it would lack concrete content supplied in later 
realms. 3 


Systems, . . . Universe of Discourse 


(17.00). Concerning systems, too, the monadic characteristics 
may be affirmed. Without indicating any of the (18.00,... 
ete.) possible intermediate universes of discourse and levels such 
as would be afforded by systems of systems, we may pass at 
onee to (‘'19.00’’) the logical realm as a whole, or the logical 
universe of discourse. It is impossible to indicate its limits, 
either of interactions or integration. Any decimal number as- 
signed to it is arbitrary. All that can be said is that repeated 
consideration apparently shows no modification of essential char- 
acteristics which we take to be the principles of logical form. 

Most of the difficulties concerning the so-called and often mis- 
named ‘‘universe of discourse’’ * may be resolved by noting that 
its (19.10) individuation, like that of other monads, is (19.11) 
relative. It is always relative to (19.111) the ‘‘non-possible.’’ 
This point at once shows the futility, recognizable on other 
erounds, of attempting to construe a ‘‘class of all classes.’’> 

(19.20). Interactions of such a universe with (19.211) any- 
thing else distinct from it must be left enotative; but every 
logical process of which we have spoken may be regarded as 
(19.24) persistent within it, and as affording a part of its 
(19.253) structure. This structure, if, for instance, the Kempe 
and Royce method is adopted, may be an order which includes 
the types of order of various special fields. According to Lewis, 
no one knows how far it can be carried, or whether the system 3%, 
or some other very inclusive type of order, will be found to con- 
tain any large number or all of the special orders in which we 
are interested. It may and probably does contain new ‘‘con- 
tinents’’ of order whose existence we do not even suspect. Hspe- 
cially noteworthy from the point of view of epitomization is 

4See C. I. Lewis, Survey of Symbolic Logic, p. 37 and n. 60; p. 263, 


n. 14. 
5cf. R. M. Eaton, Symbolism and Truth, p. 243 and n. 2. 
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Lewis’s statement that the method is certain to disclose what- 
ever analogies exist between various systems by the fact that its 
terms are allowed to denote ambiguously anything which has 
the relations in question, or relations of precisely that type.® 

(19.261). Mutual regulation seems plausible, and perhaps 
even (19.262) referential regulation. 

(19.81). Repeated production is not excluded. But as re- 
gards other monadic characteristics, their presence or absence 
depends upon where we fix the ‘‘bounds of possibility’’ and the 
bounds of possibility do not lend themselves to such determina- 
tion. 


6 C, I. Lewis, op. cit., pp. 36277., 36877. 


PART FIVE: THE NUMERICAL REALM 


“Tn its broadest sense the discovery of mathematics is the discovery 
that the totality of these general abstract conditions which are con- 
currently applicable to the relationships among the entities of any one 
concrete occasion are themselves interconnected in the manner of a 
pattern with a key to it.” 


A. N. Whitehead, Science and the Modern World, 1925, p. 37. 
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CHAPTER XXVII 


GENERAL CONSIDERATIONS CONCERNING THE NUMERICAL REALM: 
Its Inrr1aAu ‘‘ LEVEL’’ IDENTIFIED AS CORRELATE CLASSES 


“ The rules of logic are to mathematics what those of structure are to 
_architecture.”’ 
Bertrand Russell, Philosophical Essays, 1910, p. 74. 


General Remarks Concermng the Numerical Realm 


(20.00). Within the realm of logic, as special cases of the 
segregations and operations of classes, subsist numbers. The 
number of a class is defined by Russell as the class of all classes 
similar to a given class,‘ and by Whitehead as the class of classes 
which are in one-one correspondence with a given class.2 We 
shall try to show that numbers in the processes of arithmetic 
and algebra exhibit characteristics which are monadic and which 
mark them as belonging toa realm. The ‘‘numerical’’ realm in- 
cludes monads which are pre-numerical, but there seems to be no 
other term which characterizes it better. 

The philosophy of mathematics here outlined makes the whole 
structure rest essentially upon operations which are familiar 
and simple, and which more elaborate systems like that of Prin- 
cupia Mathematica at least partially presuppose. For instance, 
our discussion treats ordinary arithmetical operations as mon- 
adic characteristics, and tries to bring out some of the signifi- 
cance of ordinary notation. Here, as in the logical realm, the 
monadic characteristics may be regarded as so many axioms 
or postulates from which more restricted and rigid axioms, for 
example those of Hilbert,? may be derived by selection. 

Just as we kept pure logic independent of problems of validity, 
reserving the latter for later treatment as cases of adjustments 
between realms, so here we regard ‘“‘pure numbers’’ as essen- 
tially independent of considerations of arithmetical accuracy, 

1B. Russell, Principles of Mathematics, p. 115. 

2 See A. N. Whitehead, ‘‘ Mathematies,’’ Encyc. Brit., Vol. 17, p. 879. 


3D. Hilbert, ‘‘Uber den Zahlbegriff,’’ Deutsche Math. Vereinigung, 
Jahresbericht, 8, 1900, pp. 181 ff. 
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as well as of the psychology of counting,* or calculation, or 
manipulative patterns,° or the abstraction of ulterior meanings ° 
which may be involved in our discovery of these numbers. 
Numbers, for us, are subsistents, prior to the physical world; 
as Whitehead says, the number ‘‘two,’’ for example, is in some 
sense exempt from the flux of time and the necessity of position 
in space, even though it is involved in the real world.’ Apart 
from the fact that they are classes of classes, it is not possible 
for us to indicate what the constituents of the numerical realm 
are ‘‘in themselves,’’ for we experience them only as refracted 
through the intervening realms of the existent world. This 
affords a reason for Russell’s statement that all mathematical 
entities are defined by the formal nature of the relations between 
their constituents, not by what these constituents are in them- 
selves.® 


Imtial ‘‘Level’’ of the Numerical Realm: Correlate Classes 


(21.00). The initial monads of the new realm we take to be 
‘‘correlate classes’’; just as the first monads of the cosmogonic 
realm are not material, and the first monads of the biotic realm 
are not living, so the first monads here are not numerical. Ed- 
dington, in connection with the so-called ‘‘g-numbers’’ of Dirac’s 
quantum theory, has suggested that in digging deeper and 
deeper into that which lies at the base of physical phenomena 
we must be prepared to come to entities which are not measur- 
able by numbers in any way, but upon which the science of 
phenomena. correlated to measure-numbers can be founded.® 
Correlate classes are hardly emergent from the logical realm 
and as yet exhibit its processes, just as the organic compounds, 
with all their differences of complexity, exhibit the processes 
of the inorganic, Like the organic compounds, too, these initial 
monads may be said to be encountered by us chiefly at later 
levels. Just as the essential property of organic compounds 
ans ah ri Dedekind, Essays on the Theory of Numbers, transl. W. Beman, 

5 KS, Lashley, Psy. Rev., 30, 1923, p. 344. 

6 J. Dewey, Experience and Nature, p. 192; cf. The Quest for Certainty, 
1929, pp. 1477. 

7A. N. Whitehead, Science and the Modern World, 1926, p. 41. 


8B. Russell, Principles of Mathematics, p. 382. 
9A. S, Eddington, Nature of the Physical World, p. 209. 
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seems to be that they are more complex combinations, and 
present ever new opportunities for still more complex com- 
binations of some atoms in astronomical bodies, so the essential 
property of these monads seems to be that they are more complex 
combinations, and present ever new opportunities for still more 
complex combinations of some terms within bodies of propo- 
sitions. Such combinations of classes we call correlate classes— 
that is, classes which can be or are ‘‘brought together’’ and 
compared. A logic predominantly extensional and a theory of 
number which deals fundamentally only with one-one corre- 
spondences unite to obscure for us what must be the untold 
complexity of the process whereby logical classes become related 
to one another in ways enabling comparisons to be made. Al- 
though from some points of view it is better to keep the discus- 
sion in pure logic, approximated most nearly by symbols, for 
other reasons it is well to use some examples drawn from the 
existent world. Let us say then that the classes of stars in the 
Great Dipper, geographical north poles of the earth, fingers 
of one human hand, members of the United States Senate, 
wonders of the ancient world, motes in a sunbeam, Czars of 
Russia in 1919, and wise men of ancient Greece, are all correlate 
classes. 

(21.10). We should expect to find the individuation of such 
correlate classes (21.11) relative to (21.111) the remainder of 
the logical realm, with the limits of this individuation not 
definitely fixed. Any logical class, if not actually correlated 
with another, is at least correlatable, if not in one-one corre- 
spondence, then in some many-one or many-many correspond- 
ence. And it is impossible to describe a non-correlatable class, 
without in the very act of description introducing a correlation. 
The difficulty appears to be parallel to that of fixing the limits 
of the logical realm at the level of possibility, and to that of 
tracing out the limits of the cosmogonic realm with a light-wave ; 
such a parallelism of difficulties, according to the hypothesis 
of epitomization, might be expected. In the individuation of 
these correlate classes relative to (21.113) cognate monads, 
bewildering arrays of classes present themselves, but a (21.1131) 
dyadic relationship of priority is usually distinguishable. When 
any class, say K, has the field, any other class does not have it. 
The very act of distinguishing one class—or, as we should say, 
the very fact that any class operates as an individual—seems 
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to carry such a relationship with it; it is the difference between 
correlating and correlated, referent and relatum, or acting and 
being acted upon. There may be an excess of either kind of 
classes without affecting the dyadic relationship. 

(21.12). We may either treat correlated classes symbolically 
as in pure logic, or abstract them from examples chosen in the 
concrete world, where they are involved in the meshes of ex- 
istence. Their individuation is thus convergent. 

(21.13). Concerning different degrees of organization, it 
appears reasonable that while in the (21.1811) simplest cases 
two classes would be correlate, the process might go to any 
length, until what we should now call any number of classes 
might be included in the more (21.1333) complex cases. Nor 
is it necessary to think merely of ‘‘many-many’’ correlations; 
there may also be ‘‘many-many-many .. .’’ correlations of 
classes which are all different. 

(21.14). Since these monads are classes, their individuation 
is modified by their other monadic characteristics. 

(21.20). The interactions of the correlate classes differ from 
those of other classes only in being more complex; there is no 
need to go through the details, except to indicate that in the 
(21.25) structure of such classes one class might be that upon 
which others ?? (21.2541) depend as an element of (21.262) 
reference. Such features are usually obscured by an extensional 
logic which assumes a homogeneity of all members. 

(21.81). If processes are admitted in this realm, doubtless 
repeated productions or (21.82) reproductions by ‘‘fissional’’ 
division could be detected among these classes. On a basis of 
(21.351) resemblances and (21.852) differences, (21.353) classi- 
fications and (21.36) serial arrangements, too, can be made. 
Processes of (21.41) disintegration and (21.42) aggregation 
seem quite as plausible as for simpler classes. Here, as so often, 
the point of chief interest is their integration into monads of a 
new level. 

(21.43). It may be questioned whether such integration is 
necessary; we recall that it is sometimes difficult to fix the 
distinction between waves and electrons, or between organic 
compounds and molecular complexes, or between possibilities 
and relations. So here, it is hard to fix any precise distinction 
between correlate classes and classes in one-one correspondence. 
According to the laws of probability, at least some of the former 
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would be eases of the latter. Whitehead is able to define one- 
to-one correlation by the notion of a class with only one member, 
and to define this by the aid of the notion of diversity, without 
using the number “‘one.’’?° On the other hand, there are in- 
dications that a certain rearrangement of the members of classes 
in many-many correlation would afford classes in one-one cor- 
relation; this appears when Bertrand Russell defines a one-one 
relation without the use of the number ‘‘one’’ by saying that a 
relation is one-one when if x and 2’ have the relation in ques- 
tion to y, then x and 2’ are identical; while if « has the relation 
in question to y and y’, then y and y’ are identical.1t It may 
be noted that here we have two characteristic marks of integra- 
tion— (21.431) a prominence of the dyadic relationship and, if 
our account of identity as implying some innotative or enotative 
difference is correct, a dismissing of some attributes into the 
innotative or enotative which amounts to a (21.482) ‘‘giving 
up something.’’ 


Classes in One-one Correspondence 


(22.00). If kept parallel with our treatment of other realms, 
our discussion of classes in one-one correspondence would be 
expanded into a chapter with a set of monadic characteristics 
developed in detail. We shall note only a few points con- 
cerning them, since most of their properties may be seen in 
those of simple classes. Examples of classes in one-one corre- 
spondence are stars in the Great Dipper and wonders of the 
ancient world. Their (22.10) individuation is (22.11) relative 
to (22.112) other correlated classes which, whether they are 
or not, conceivably could be worked up into fantastic ‘‘numbers’’ 
such that 2 + 2 would equal 5 rather than 4. 

The most important characteristic of the classes in one-one 
correspondence appears to be their (22.1131) duality, which may 
be described as one of referent and relatum, although choice 
between them seems arbitrary and they need (22.114) later 
monads before they are clear. Under local conditions in later 
monads, 7.e., numbers, there may be excess of either without 
affecting the fundamental dyadic relationship. In fact, in any 
given case there may be not (22.1311) two, but (22.1312, 22.1331, 


10 A, N. Whitehead, The Organisation of Thought ... , 1917, p. 125. 
11 B. Russell, Principles of Mathematics, p. 113. 
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etc.) many such classes, as when there are combined with the 
two just mentioned the days of the week, wise men of ancient 
Greece, ete. 

Any distinction between (22.211) incorporative and (22.212) 
non-incorporative interaction is hard to detect, but this difficulty 
may be assumed to be due to the usual preoccupation with an 
extensional rather than intensional logic of classes. Classes in 
one-one correspondence, especially if each of the classes has 
many members, may be thought of as (22.32) forming new 
classes in one-one correspondence by division. The preoccupa- 
tion with extensional logic, again, makes it difficult to detect 
any difference between (22.42) aggregates of classes in one-one 
correspondence and (22.48) integrates of those classes. The 
first would afford what we might call numbers, or classes of 
classes in one-one correspondence, considered in extension. But 
the second, which affords what we might call numbers considered 
in intension, 1.¢e., with account taken of the constituent classes 
and their interrelationships, seems necessary in order to include 
everything which is going on in a number, although these 
interrelationships are ordinarily not considered at all. 


CHAPTER XXVIII 


INTEGRAL NumBrERS (ARITHMETICAL AND ALGEBRAIC EXPRES- 
SIONS OF THE First Power or First DEGREE) 


“There is not only a close analogy between the operations of the 
mind in general and its operations in the particular science of algebra, 
but there is to a considerable extent an exact agreement in the laws by 
which the two classes of operations are conducted.” 


G. Boole, An Investigation of the Laws of Thought, 1854, p. 6. 


“ Depend upon it, the universe will never really be understood unless 
it may be sometime resolved into an ordered multiplicity and made to 
own itself an everlasting drama of the calculus.” 


C. J. Keyser, The Human Worth of Rigorous Thinking, 1916, p. 102. 


(23.00). Numbers have already been defined as classes of 
classes In one-one correspondence. In our treatment various 
kinds of numbers will be taken up, according to the levels at 
which they appear and the monadic characteristics they exem- 
plify. At this level we are concerned typically with integral 
cardinal numbers, regarding fractional numbers as symbols for 
differences of sub-level (see 28.1811). Monads of this level 
include both arithmetical and algebraic numbers, the differences 
between them being often unimportant so far as monadic char- 
acteristics are concerned. An algebraic expression is usually 
more general, but the differences between the two often reduce 
to the psychological or epistemological fact that the root or arith- 
metical value to be assigned to the algebraic expression is un- 
known until a solution is reached. | 

(23.10). The individuation of a number is here regarded as 
(28.11) relative. No account is ordinarily taken of (23.111) 
the environing or conditioning logical milieu, nor of (23.112) 
correlated classes in one-one correspondence not organized into 
numbers; any of these may be covered by the enotative term 
‘*zero’’ (see 23.22051). The individuation of a number is rela- 
tive to (23.113) other numbers. A certain (23.1131) dyadic 
relationship may be ascribed to numbers in view of the fact that 
of any numbers, one of two must be put down first and one of 
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them usually will be greater in magnitude. The duality is not 
that of odd and even numbers; these are special cases of divisi- 
bility in members of a series. In the expanded form of a num- 
ber, such as 10-++ 1, the larger number is in our notation con- 
veniently put down first. We assume throughout our discussion 
that our decimal notation, although not the only possible system, 
reveals characteristic properties of numbers. H. Schubert dis- 
tinguishes in arithmetical operations between active and passive 
numbers. 

(23.12). That such individuation is convergent appears from 
the fact that numbers may be extracted as roots from powers 
—that is, may be derived from monads of later levels—as well 
as built up out of classes of classes. | 

(23.13). Numbers subsist in different degrees of complexity 
of organization. Of the (23.181) simple types, or numbers up 
to 10 on the decimal notation, the (23.1811) simplest may be 
taken to be the number 1, composed, let us say, either of a 
‘“‘correlatum’’ class with one member, or of two classes in one- 
one correspondence. To guard against its indefinite fractiona- 
tion we must appeal, as Russell does, to a property of ordered 
wholes which he calls ‘‘magnitude of divisibility.’’? Or, the 
fact that any number taken as a unit may be fractionated, and 
any of the fractions taken as a unit, and so on, may be viewed 
as another of those near-tautologies which, in proportion as they 
grow destitute of content, reveal primary principles of form. 
When the simplest case of classes in the above correspondence 
has been taken as the number ‘‘one,’’ we have (23.1312) other 
simple numbers—perhaps (23.131201) numbers still called 
‘‘one,’’ though made up of classes in ‘‘one-one-one’’. . . cor- 
respondence; (23.181202) the numbers up to 9, inclusive; and 
perhaps (23.131208) the ‘‘round number’’ 10. The round 
number 10, as well as round numbers of higher order in the 
decimal system, are very important.. They may (23.1812031) 
exhibit the processes of ordinary numbers. Combinations of 
10’s and units may be said (23.1312032) to build up the higher 
numbers (see 23.183). A given number may in the course of 
its interactions (23.1312083) be reduced by one, or more, decimal 
orders; this may amount to (23.13812034) a process of division. 

1H. Schubert, ‘‘Grundlagen der Arithmetik,’’ Enzyk. d. Math. Wiss., 
I, 1, 1898-1904, p. 26. 

2B. Russell, Principles of Mathematics, p. 151. 
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Round numbers, as typical of decimal orders, are especially 
important in extraction of roots, with the aid of a process of 
‘*pointing off’’ (see 24.3324). Perhaps (23.1313) loose aggre- 
gates of more than two classes in one-one correspondence with 
a minimum of internal relationships, such as are usually left 
innotative, may in formative stages be important for the organi- 
zation of later numbers. Any of these or other forms of num- 
bers can constitute what we may call (23.132) local or partial 
aggregates, indicated by the plus sign. 

The (23.133) more complex forms of number—not ‘‘com- 
plex numbers’’ in the usual sense of that term (see 24.833351) 
—are here taken to begin with those above 10; they have what 
we may eall a nucleus, indicated by figures to the left in the 
higher decimal places. The numbers of higher decimal order 
may be regarded as simple (23.13311) products, the results of 
multiplication by ten, perhaps with additions or subtractions 
of certain units. Such numbers may also be (23.18312) de- 
rived as the roots of higher powers. Similar processes account 
for (23.1333) numbers of successively higher decimal orders. 
Another example of a higher degree of organization is a matrix, 
which may be thought of as a compound unit, an assemblage 
of numbers arranged in order, but constituting a single entity.° 

(23.14). That the individuation of a number is affected 
by its other monadic characteristics may be regarded as too mild 
a statement, since the interaction of a number with other num- 
bers usually results in the formation of a new number. But 
the usual view of numbers is extensional, with no regard for 
their intensional processes or properties, or those of their con- 
stituent classes. Extensional equivalences may conceal inten- 
sional differences. 

(23.20). A given number, such as 7, if regarded as subsistent 
at all, is usually regarded as subsisting changelessly and per- 
manently. If it ‘‘figures’’ in any arithmetical operations it is 
usually thought of as subjected to these operations at the hands 
or in the mind of an operator. Thus, Eaton, while maintaining 
that interactions are essential, seems to retain some kind of 
operator; he says that the signs for numbers can not by them- 
selves constitute a significant arithmetical or algebraic expres- 
sion. They must be joined by operational symbols, for an arith- 
metical or algebraic fact is made up of numbers operated on in 


3H. S. Allen, ‘‘New Quantum Theories,’’? Nature, 119, 1927, p. 78. 
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some way.* Ordinarily, too, the number representing the class 
of stars in the Great Dipper and the class of wise men of ancient 
Greece would not be thought of as appropriating the class of 
days of a week, although it might be thought of as eternally 
excluding the class of fingers of a hand. But mathematical 
operations, or types of order which we interpret as operations, 
are here taken to be characteristic of the realm of number as 
subsistent, and our mathematical operations are held to mark 
the persistence of these in monads at the much later realm and 
level which we oceupy or which we are. 

Just as a term “‘defines itself’’ in a proposition, so an arith- 
metical or algebraic expression ‘‘qualities out’’ in an ‘‘e-quality’’ 
or equation (see 28.252). Bliss points out that the usual alge- 
braic conceptions can be grouped about the equation as a central 
notion; * this accords well with the importance which we ascribe 
to interactions in other realms. That the interactions of num- 
bers are selective becomes clear if one thinks of numbers as 
classes of classes in a one-one correspondence which must be 
maintained. Russell says that numbers are a type; every num- 
ber selects certain objects out of every other type of ranges, 
namely those ranges which have the given number of members.® 
The interactions of a number with other numbers are not so 
readily seen to be selective; any two numbers may be added 
and, with certain conventions, subtracted. But the convention 
of negative numbers really masks a selection, of which the zero 
point marks the threshold (see 23.22052-3). 

(23.21). The fact that numbers (23.211) incorporatively ap- 
propriate (23.2111) portions of their logical milieu would not 
appear in an extensional treatment, but the appropriation of 
(23.2112) classes in one-one correspondence is indicated by Rus- 
sell’s statement just cited. Numbers also appropriate (23.2113) 
other numbers in the process of addition. This may be said to 
embrace all other operations and to be fundamental to them.’ 
Johnson says that if to equality as symmetrical and transi- 
tive is added the fundamental operation +, with the properties 

4R. M. Eaton, Symbolism and Truth, p. 90. 

5G. A. Bliss, ‘‘The Function Concept and the Fundamental Notions of 
the Caleulus’’ in J. W. A. Young, ed., Monographs on Topics of Modern 
Mathematics, 1911, p. 264. 

6B. Russell, Principles of Mathematics, p. 525. 
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of being commutative and associative (see 23.231394, 23.2413), 
then the whole system of quantitative science could be developed 
without recourse to any but pure mathematical principles, al- 
though quantities of different types, such as areas, ete., would 
need recognition.? The fundamental importance here accorded 
addition is parallel to the importance of ingestion of food in 
biology. The appropriations which mark arithmetical addition 
differ from those which mark logical predication, in that the 
arithmetical processes are less elliptical; the element appropri- 
ated is specified when we say (6+ 2) =8—~.e., ‘‘6 by the in- 
corporative appropriation of 2 becomes 8’’—but is not so clearly 
seen when we say ‘‘The tree is green.’’ Because the numeri- 
cal expressions are less elliptical, it is easier than it was in the 
ease of the logical to separate the process of appropriation from 
its results. 

The expression (6-+ 2) =8 does not give any satisfactory 
picture of an incorporative interaction of 6 with a cognate monad 
2; the result seems to be 8, a number quite different from 6. But 
we do not need yet to consider the equals sign, or the equation. 
The expression (6-+-2) is all that we need to indicate an ap- 
propriation, of which the ‘‘=8’’ later added may indicate the 
result (see 23.252). The expression (6 + 2) indicates an incor- 
poration; according to our view, the difference between an in- 
corporative and a non-incorporative appropriation lies precisely 
in the parenthesis, although there are also other uses for the 
parenthesis and similar signs (see 23.23231, 23.2413). The 
(23.212) non-ineorporative appropriation in the case of 6 and 2 
is an individual aspect or instance of a collective process of ag- 
eregation ; it is indicated simply by 6 + 2. 

(23.22). Corresponding to processes of appropriation by num- 
bers are processes of rejection. A full account of these would 
include subtraction, the use of zero, and negative numbers. 
Some mention will be made of the first two here, and negative 
numbers will be treated again later (see 23.25322, 23.32113, 
24.383335). The double minus sign, a parallel to the double nega- 
tive in logic, will also be treated below (see 23.23183, 23.23135). 
In (23.220) general, the process of rejection (23.2201) implies 
the exclusion of a milieu which is left enotative; the relative 
individuation of any number means that it rejects or ‘‘stands 
off’’ countless other numbers. Furthermore, (23.2202) any 


8W. E. Johnson, Logic, Part 1, p. xxvi. 
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numbers or other monads rejected are left enotative, so far 
as the rejecting monad is concerned—for instance, in the proc- 
ess of subtraction no further account is taken of the subtrahend. 
Since addition is the fundamental arithmetical process, (23.2203) 
subtraction may be viewed as secondary. Any (23.2204) ap- 
propriation which fails may be included among the rejections. 
Rejections may cover expressions of inequality, although other 
interpretations of inequalities are possible, especially in terms 
of resemblances and differences (see 23.35). The indetermin- 
ateness of an expression of inequality is here parallel to the in- 
determinateness of a logical denial. Subtraction usually leaves 
a remainder, but if carried far enough will involve (23.2205) 
boundary conditions, which are parallel to the term “‘nothing”’ 
in logic, and which in the realm of number are denoted by 
‘“7ero.’’ Thus the term ‘‘zero’’ may represent (23.22051) an 
enotative region, aS when we express the numerical value of 
additional classes in one-one correspondence added to a given 
class of such classes, 7.e., to a number. The zero of the number 
system may also be said to represent classes in other correlations 
than the one-one correspondence. In the expression 6 + 0=—6, 
the zero may be given an innotative interpretation. Again, 
‘‘zero’’ may represent (23.22052) a threshold of neglect or point 
of abandonment, as when a series whose terms sink numerically 
below any assignable value is said to have the limiting value 
zero.® Bertrand Russell says that if we suppose there are ex- 
actly nine individuals in the world, 10, or (9 +1) will be the 
null class.7° ‘‘Zero’’ may represent a starting-point, as in 
Whitehead’s interpretation of +a as the symbol of the step 
by which the element a of a manifold is reached from 0 + a1? 
Again, zero may represent (23.22053) a boundary between two 
regions, aS between the positive and negative numbers. And 
(23.2206) in the reduction of any number to zero, or in the solu- 
tion of an equation, processes both of addition and subtraction 
may be involved. The result of such a reduction of a number is 
equivalent to that of a series of successive subtractions. 
Processes of rejection of (23.2211) portions of the logical 
milieu or (23.2212) correlated classes, ete., would have no nu- 
merical value; rejections of (23.2213) cognate monads, %.e., 
9A. Harnack, op. cit., p. 10. 
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numbers, are illustrated by subtraction. Incorporative numeri- 
cal rejections could be indicated by parentheses and (23.2223) 
non-incorporative rejections by expressions without parentheses. 

(23.28). Processes of numerical appropriation and rejection 
may be combined in many intricate ways, of which only some 
simple cases, where the interactions are with (23.2313) cognate 
monads, are here considered. Thus we have (23.231381), 
(6+2+2...) familiar in arithmetical progression; and 
similarly (28.23132), (6—2—2...). Corresponding to every 
mathematical operation there is (23.23133) another, commonly 
called its inverse, which exactly undoes what the operation itself 
does.1?. This would be exemplified by (6+ 2—2), and by the 
rule that a double minus sign is equivalent to a plus sign. Ex- 
amples of (23.23184) combinations of different appropriations 
are afforded by almost any extended addition, and (23.23135) 
combinations of different rejections by some repeated subtrac- 
tions. Combinations of different appropriations and rejections, 
especially in connection with algebraic numbers, are afforded by 
(23.23186) processes of substitution. One mark of an algebraic 
as distinct from an arithmetical expression is that the former 
will accommodate any one of a number, sometimes an indefinitely 
large number, of substitutions. Whitehead says that the terri- 
tory of arithmetic ends where the two ideas of ‘‘variables’’ 
and ‘‘algebraic form’’ commence their sway.*® In other com- 
binations, one might have (23.23187) alternate appropriations 
and rejections continued in a series, although this seems like an 
artificial construction. By construction ad hoc, at least, one 
could secure series exhibiting (23.28138) reversals at longer in- 
tervals. We find combinations of interactions with cognate 
monads such as (23.231891) preemptions, e.g., the usually un- 
noticed cases in which one number appropriates or rejects, but 
another does not; also (23.231392) cases in which one number 
appropriates or rejects, and another is appropriated or rejected, 
wholly or in part—as in transfers with change of sign from one 
member of an equation to another. There are (23.231393) re- 
inforcements, as when equals are added to or subtracted from 
equals, and (23.231394) interchanges, as shown by the commuta- 
tive law whereby (6+ 2) = (2-+6). According to Whitehead, 
it is a mere change of language without alteration of real mean- 


12H. B. Fine, The Nwmber System of Algebra, 1902, p. 8. 
1s A. N. Whitehead, Introduction to Mathematics, p. 70. 


32 


482 A WORLD OF EPITOMIZATIONS 


ing if we consider an operation involving a and b as performed 
on the one or the other,'* but on the intensional view, which dis- 
tinguishes the number put down first (see 23.1131), there is more 
significance in the reversal of order. Combinations of non-in- 
corporative interactions (23.23231, etc.) may be indicated by 
omitting parentheses, but when considered extensionally there 
is little or no difference between them, except where the paren- 
thesis indicates a prior operation. Prior operations will be 
studied in connection with persistent interactions. 

(23.24). If processes are ascribed at all to the subsistent, 
the constituent parts of a number which have been described as 
(23.2411) logical monads doubtless persist in characteristic in- 
teractions. There are possibilities in numbers and number series, 
and various relationships are characteristic of them. Persist- 
ence also occurs when numbers are the subjects or predicates of 
logical propositions. That processes of generalization persist 
here gives us one difference between arithmetic and algebra. No 
account is ordinarily taken of any (23.2412) persistent interac- 
tions of correlated classes, ete., although if processes are ascribed 
to the subsistent realms such interactions are quite plausible. 
The case is clear as regards (23.2413) numbers or expressions 
which are constituents of another expression ; here the prior oper- 
ation, indicated by parentheses or other signs, and illustrated 
by the associative law, whereby 6+ 2+ 3=6-+ (2-3), is 
often a persistent operation, although inecorporative and 
(23.2423) non-inecorporative cases are not clearly distinguished. 
A process of (23.24187) internal transmission is seen in ‘‘earry- 
ing over’’ in decimal notations; this has notable effects in dif- 
ferentiation of structure. W. EF. Sheppard notes that, except 
with very small numbers, addition and subtraction on the group- 
ing system involve analysis and rearrangement; thus the sum 
of 8 and 5 can not be expressed as ones.1® Permutations and 
combinations in an aggregate may be regarded as occurring in a 
number in its expanded form (see 23.254). There seem to be 
no necessary ?? (23.241388) oscillatory processes here, although 
examples ean be constructed. ; 

(23.25). In the numerical realm the process going on is indi- 
cated by the sign of operation. The transition from process to 
result, which now concerns us, is indicated chiefly by the sign 


14 A, N. Whitehead, Treatise on Universal Algebra, p. 21. 
15 W. F. Sheppard, ‘‘ Arithmetic,’’ Hncyc. Brit.,11 Vol. 2, p. 529. 
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of equality. There are two kinds of equations, the conditioned 
and the identical ?® (see 23.351). The latter involves possibili- 
ties of substitution. With regard first to the latter, we should 
say, by a use of English derivatives not sanctioned in the Latin, 
that the expression which follows the sign read ‘‘equals’’ 
shows what the original number ‘‘qualities out’’ as—that is, 
what it becomes in the process. We said that a Judgment of 
identity masks something left innotative; we would say the same 
concerning a numerical expression of equality. Bradley says 
that whenever we write the sign ‘‘=’’ there must be a difference, 
or we should be unable to distinguish the terms dealt with.1? 
Whitehead says that the equivalence of distinct things implies a 
certain defined purpose in view, a certain limitation of thought 
or action. Within this limited field no distinction of property 
exists between the two things.1® Equivalence then does not mean 
complete coalescence, and one may regard a numerical equation 
where the members are connected by the sign ‘‘==’’ as analogous 
to an equation in chemistry or mechanics where the members 
are connected by the arrow. The processes involved in the solu- 
tion of equations will be treated later (see 23.262, 23.351, 23.413). 

In arriving at any result, we may (23.251) start with a class 
of one member or with a simple number, as we naturally do when 
‘*building up’’ a number series or system. Whitehead says that 
we may consider a number a as 0 + a1'—thus, we should say, 
starting with a number left enotative, indicating by the use of 
zero only that there is such a number, not what that number is, 
for instance in a longer series. He goes on to say that this re- 
lation to the null element may be called the step which leads 
from the null element to a, and that the idea may be extended to 
other elements than the null element. This affords also a case 
where (23.252) the operation conditions the structure; White- 
head says that by fastening the attention rather on the method 
of reaching the final element than on the element itself when 
reached, we may call the symbol + a the symbol of the step by 
which the element a is reached.1t Ordinary numerical opera- 
tions, where the results obtained are conditioned by the proc- 
esses gone through, show perhaps the clearest cases of the enregis- 
tering in structure of the results of processes. In the process of 

16 H. L. Rietz and A. R. Crathorne, College Algebra, 1929, p. 43. 
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addition, the changes are first enregistered in (23.2521) the 
‘‘ynits’’ column, which, as we shall see later, may be taken to 
be analogous to the peripheral regions of an atom or cell. Then 
by the process of ‘‘carrying over’’ in the decimal notation, espe- 
cially in changes of decimal order, the interactions gradually 
become enregistered in (23.2522) “intermediate” or (23.2523) 

‘‘eentral’’ portions. 

It is quite possible to regard numbers of higher decimal orders 
as (23.25231 *) built up from simpler numbers, even of ‘‘ones’’ 
such structures may (23.252382*) admit of degrees and 
(23.25233 *) transitional forms, as when the process of building 
up is indicated by elements connected by operational signs. 
Sometimes (23.25234 *) round numbers, as well as others, may 
be appropriated by a given number and modify its structure, as 
when (702 + 80) = 782. 

23.253). According to the view here maintained, a numeri- 
eal expression contains (23.2531) logical monads, such as possi- 
bilities, relations, terms, and classes, but these are generally left 
innotative. Moreover, (23.2532) prior monads of this realm are 
left innotative; Russell’s statement that addition is concerned 
with the construction of mutually exclusive classes respectively 
similar to a set of classes which are not known to be mutually 
exclusive.’ applies to classes of numbers, not to classes which are 
constituents of numbers. Although some of the details here seem 
unimportant, they may be added for the sake of our parallelisms. 
Thus (23.25321 *) the components of higher decimal order in 
any number can be analyzed into classes in one-one correspond- 
ence; such one-one correspondence involves (23.25322 *) a pair- 
ing or coupling of such classes (see 23.32113). These classes, 
(23.25323 *) either of which may be a group of classes compris- 
ing more correlated classes than the other—for example, when 
the group of the class of stars in the Dipper and the class of days 
in the week is correlated with the class of wise men of Greece— 
may be of importance in determining the intensional properties 
of numbers, but if so they are disregarded, and referent and re- 
lated classes are virtually equal. In the process of extraction of 
roots from numbers, each round number may exhibit (23.25324 *) 
a ‘‘tetradic’’ structure, with two positive and two negative roots 
(see 24.383244). 

(23.2583). We have just indicated that the numbers which 
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are the higher decimal, or the ‘‘round number,’’ constituents of 
a given number can after a fashion be analyzed into their con- 
stituents, such as classes of classes in correspondence. Taken 
without such analyses, the constituent round numbers are 
(23.25331) of much importance in processes of extraction of 
roots. Constituent round numbers of course (23.25332) vary 
in magnitude. 

(23.254). In the parallel cases of atoms, of at least some 
cells, of reflex-ares, and of terms-in-propositions, we have seen 
that monads occur in what we may eall either contracted or ex- 
panded forms; the same is true for numbers, as when we write 
782, in the form 726+ 35-+ 21. In such expanded form, a 
given number may be regarded as having the characteristics of 
an aggregate of numbers. The differentiations of structure in 
numbers are hard to trace, because numbers are so protean and 
with apparent indifference exhibit so many equivalences, but 
that they do embody certain gross differentiations seems evident 
from the fact that so often, as above, their constituents belong 
to different decimal orders. This is seen in its most definite and 
orderly fashion in the ‘‘round numbers,’’ as when we write 782 
in the form 700+ 80+ 2. The numbers of higher decimal 
order may be regarded as (238.2541) constituents parallel to 
nuclear regions of atoms and cells and to the subject-terms of 
propositions. Here again we note that (23.25411) the simpler 
numbers, below 10, lack this differentiation, but in the course of 
development (23.25412) the higher decimal orders become im- 
portant as fixing the order of the number, and a number de- 
prived of its higher decimal orders sinks to a lower order. On 
our interpretation, numbers (23.25413) contain classes in one-. 
one correspondence, which are ordinarily left innotative, but 
which determine their magnitudes as numbers. The order of 
magnitude of higher numbers is also determined by their con-: 
stituent (23.25414) round numbers, which may be in various 
positions when the higher numbers are written in expanded 
forms. The (23.2542) intermediate regions, in this example, 
are the numbers in tens’ place. In large numbers, like 7,868,327, 
they exhibit (23.25421) well-marked zones, and may also con- 
tain (23.25422) a number of decimal orders, so that a gradual 
process of filling up—to 9—and carrying over will mark the in- 
corporation of any additional elements into the number. The 
(23.2543) ‘‘outmost’’ portions of the number may be taken to 
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be the units, which in the processes of addition, subtraction, and 
multiplication, as we perform them, are the first to be affected 
by interactions with other numbers. Units may (25.25431) 
within certain limits be acquired or lost without affecting the 
decimal order. 

(23.255). If we recall that constituents of the higher decimal 
orders are put down first, at the left, in the expanded form of a 
number, we may discern specializations of function in the mem- 
bers at the left as (23.2551) appropriating the other members and 
determining the order of the number formed. The members at 
the left are also those with which the calculation of division be- 
gins. As was indicated above, the (23.2552) intermediate deci- 
mal orders may be concerned in a process of (23.25521) trans- 
mission, or carrying over. Their decimal structure, too, may be 
said to help (23.25522) preserve the number against deforma- 
tion under too large increments appropriated from without. 
There seems to be no ?? (23.25523) parallel for the process of 
synthesis of organic compounds or molecular complexes in eells. 
If any such building up of classes in correspondence oceurs in 
the intermediate decimal orders, it is left innotative. The 
(23.2553) units, which in our notation are written at the right 
and with which most arithmetical processes are begun, may be 
said to be concerned in interactions before the other elements 
are. Statistical methods of handling numbers show that some- 
times (23.2554) too detailed consideration of their relationships 
may give place to more general ways of treatment. 

(23.26). Processes of regulation are not usually looked for 
in a number, but may perhaps be traced. The classes of classes 
in one-one correspondence show a kind of (23.261) mutual regu- 
lation, which involves exclusion of classes of classes not in the 
correspondence. Hach number in a determinant is in a way 
regulated by the others. There is (23.262) referential regula- 
tion in an algebraic expression where a variable is a function of 
another term.*® There is also regulation where one or more 
members of a group remain invariant under transformations; 
this may be interpreted as either mutual or referential regula- 
tion. Even ‘‘reflection’’ is often necessary in mathematies, in 
considering the values of the variable for which it is equal to a 
certain function of itself.21 Regulation (23.263) with reference 


20 cf. A. N. Whitehead, Introduction to Mathematics, p. 146. 
21 B. Russell, Principles of Mathematics, p. 86. 
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to something external may occur in an expression where two 
variables are maintained in a fixed ratio. Russell says that 
ratios are relations and are not to be identified with integers.*” 
Other cases of regulation, internal, external, or both, are afforded 
in the theory of limits (see 23.271). 

(28.27). The results of the processes of addition and sub- 
traction show that the interactions of a number result in aug- 
mentation or depletion. Especially important in this connec- 
tion are (23.271) limits. A limit, according to the view here 
taken, is a special case of referential regulation, internal, ex- 
ternal, or both (see 23.262, 23.263). Just as the limit of size 
of a given organism is set by the environment under conditions 
due to the presence of other organisms, so the limit of a variable 
number is set by the logical milieu, especially the milieu of 
possibilities, under conditions due to the presence of other num- 
bers. These two features are brought out in Love’s definition, 
which may be quoted here in spite of the fact that it introduces 
geometrical points to which the values of the function are to be 
made to correspond. -He says that if there is a number ZL which 
has the property that, after any positive number e, however 
small, has been specified, it is possible to find a positive number 
h, so |L—f (x)| <e for all points x of the domain (other 
than a) for which |x—a| <h, then L is the limit of f (x) at 
the point a.2* It is not necessary that a limit should be attained ; 
the number may instead go on appropriating mere possibilities 
or relations left enotative or innotative, as, for example, the 
numbers 7 and \/—2 do. In other cases, the limit may actually 
be attained. 

The combination of all these interactions exhibited by the limit 
of the ratio which the increment of a function maintains to the 
increment of an independent variable, when the latter increment 
varies and approaches the limit zero, is the derivative of a fune- 
tion of one variable ** and is the starting-point for differential 
and integral calculus. 

(23.30). Thus far the availability of more than one number 
has been presupposed, and the (23.31) repeated production of 
numbers from different sets of classes in one-one correspondence 

22 ibid., p. 150. 

23 A, EK. H. Love, ‘‘Functions of Real Variables,’’ Hnceyc. Brit.,11 Vol. 
11, p. 308. 
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implied as plausible. Any mention of (23.32) reproduction of 
numbers is likely at first to seem fantastic, but the terms ‘‘frac- 
tionation’’ and ‘‘division’’ indicate processes which may be set 
parallel to those of other monads at this point. The process of 
division, as ordinarily indicated with dividend, divisor, and 
quotient, is misleading in this regard. It looks at first like a 
cooperation of two numbers to yield a third, in parallelism to 
the process of bi-parental reproduction. But as a matter of 
fact, both divisor and quotient are descriptions of the result of 
the process; one indicates how many units there are in each part 
of the result, and the other indicates how many parts there are. 

We find (23.321) various modes of fractionation or division. 
Of the (28.3211) simple, (23.32111) a process parallel to ami- 
totic division is seen when an improper fraction, say 5/4, like 
an overgrown cell, divides, taking the form 11/4. Various 
(23.82112) more even and regular divisions, like 8/4, are easy 
to construct, but an important process, in numbers higher than 
ten in the decimal notation, affords (23.321138) a process par- 
tially parallel to mitotic division. This is division by 2, with its 
precise dichotomizing of the round number occupying each high- 
est decimal place. The operation is equivalent to the subtrac- 
tion from a given number of another number equal to one-half 
of it. The parallelism with mitosis is only partial, because 
mitosis also involves a process of growth, and would be best 
paralleled by (a-+a)/2, or (a+a)—a. Just as the process 
of mitotic division in a unicellular organism is typically differ- 
ent from the meiosis of a multicellular germ-cell, so the simple 
division here is typically different from the process of extraction 
of a square root. Whereas the other fundamental arithmetical 
operations begin for us, with our notation, most naturally at the 
right, in the part of the number which is in parallelism with the 
periphery of a cell, the process of division begins at the left, in 
the part in parallelism with the nucleus. 

A numerical process (23.3212) parallel to budding may be 
seen in any unequal division, as when 5 splits into 2 and 1 and 
1 and 1, or perhaps when an improper fraction divides. This 
process is not very different from subtraction, except that none 
of its results is forthwith relegated to the enotative; in a uni- 
cellular organism budding differs from excretion somewhat in the 
same way. A process parallel to spore-formation is (23.3213) 
factoring, which may lead to the division of the original number 
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into several smaller numbers or factors. The factors may be 
equal roots, or, if not quite roots, then very nearly equal factors, 
just as spore-formation may lead to the production of gametes, 
and the gametes may be equal or unequal. Two factors of a 
given number, if there are no other factors, may (28.3214) by 
a process of multiplication give rise to a number equal to the 
original number. 

A (23.8215) process parallel to endomixis may be indicated by 
the result of division by 1, if a divisor is not a number working 
upon a dividend from outside, but is a partial statement of the 
result of the process of division. Division of a number by itself 
with the result 1 might be interpreted in parallelism to endo- 
mixis, if the 1 were understood to mean that the result of the 
process is an integral unit, rather than the lowest of the series of 
cardinal numbers not zero; or, division of a number by itself 
resulting in the cardinal number 1 might be compared to an 
endomixis which results in bringing vitality to a new start. 
The indeterminate 0/0 may be taken as parallel to processes 
outside the cell and its parts, which might conceivably result in 
interactions, but concerning which one can not be definite. 

In the process of division, (23.822) the units or constituents 
of lower decimal orders may be discarded, as often when aver- 
ages are taken. Any ?? (23.328) theory of division which might 
explain why numbers divide or just how the splitting or fission 
takes place seems to be lacking. The process is bound up with 
that of individuation. It is characteristic of integers, and is 
no more paradoxical than reproduction in biological individuals. 

(23.383). A number of the first power or an expression of the 
first degree may be regarded as derived from other numbers, 
and in (28.331) various ways. Thus (23.3311) a number may 
appear as a common factor, or the product of common factors 
of two others; or (23.3312) as a factor of the sums or products 
of others; or (23.3318) as the product of two factors, each derived 
from a different number—and so on. Just as unicellular organ- 
isms may exhibit meiosis, although this is most typical of multi- 
cellular organisms, so numbers of the first power or expressions 
of the first degree may (23.3382) have positive and negative 
square roots which can be extracted. But the extraction of 
roots occurs most naturally in numbers which are first regarded 
as powers and hence are to be considered at the next level. The 
(23.833) production of numbers as products of roots derived 
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from different numbers (23.3834) introduces possibilities of 
variation, especially if intensional variations are considered. 

(23.384). Fractional remainders show that numerical con- 
stituents of numbers persist in characteristic processes of divi- 
sion. Russell says that fractions are needed in order that division 
may be always possible.*® 

(23.35). As a result of such processes, numbers exhibit re- 
semblances and differences. The (23.3851) amount or degree of 
resemblance is roughly indicated by fractions, and, in advanced 
work, by approximation. Limiting cases of resemblance may be 
indicated by an equation or equivalence. There may be an 
equality of condition, in which the members can be equal only 
for particular values of the letters involved and are not equal for 
all values; or there may be an identity, in which the two mem- 
bers are equal for all values of symbols for which the expressions 
are defined.2® Whitehead regards identity as the limiting case 
of equivalence, and says that equivalence implies (23.352) non- 
identity as its general case.27 Again, he says that the relation 
of equality denotes a possible diversity of things related but an 
identity of character qualifying them.?® Resemblances and dif- 
ferences may be combined in complex ways, as in equivalent 
equations.?® Under the general heading of differences of num- 
bers, cases of inequality and inequations, as well as incommen- 
surable numbers and variables can be studied. Consideration of 
resemblances to the neglect of differences affords the basis of 
statistical treatments. Averages are particular cases of division 
where, in the interest of comparison of resemblances and neglect 
of differences, the aggregate is divided by the number repre- 
senting the sub-classes or items. Differences of form in ex- 
pressions can be removed by the use of zero.*°° Resemblances 
and differences are indispensable as a basis for (23.853) elassi- 
fications, especially the classifications marked by the various 
decimal orders. Just as the constituent chromosomes determine 
the species of an organism, the constituent round numbers deter- 
mine the order of a number. Whitehead says that in algebra 

25 B. Russell, Introduction to Mathematical Philosophy, pp. 74f. 

26H. L. Rietz and A. R. Crathorne, op. cit., p. 43. 

27 A. N. Whitehead, Treatise on Universal Algebra, Vol. 1, p. 6. 

28 A, N. Whitehead, Principle of Relativity, p. 42. 


29H. L. Rietz and A. R. Crathorne, op. cit., p. 44. 
80 A. N. Whitehead, Introduction to Mathematics, p. 67. 
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we are concerned with the classification of correlations into types 
by the idea of algebraic form.** 

(23.86). Numbers may be arranged in countless series, a 
series being a succession of separate numbers which are formed 
in accordance with some rule or law.*? Thus the inductive num- 
bers are those among cardinals which belong to the posterity of 
zero with respect to the relation of n ton + 1.*%3 Serial arrange- 
ments of numbers bring out some of their most important prop- 
erties, including those indicated by the ordinal numbers ** and 
by enumeration or counting. In all number series, (23.361) 
directional properties are important. A series, for example, may 
be ascending or descending, and one result of the use of nega- 
tive numbers is to make any number represent a magnitude in 
a given direction.*> Number series may be (23.362) made up 
of (23.8621) equivalent numbers; or of numbers of the same or 
(23.3622) different decimal orders (see 23.13); or of (23.3623) 
results of the same process of factoring or division, or of 
(23.8624) different processes of factoring or division (see 23.32, 
24.33). Series may be (23.3631) determinate, as the series from 
1 to 10, or (23.3632) indeterminate, and if so, indeterminate in 
somewhat different ways. 


An indeterminate series may be indeterminate (23.36321) innota- 
tively as regards the occurrence of members of the series between any two 
members, or (23.36322) enotatively as regards occurrence of members 
before or after any given member; in both cases it will be enotative as 
regards the number of members which occur. This is important for 
the “ Dedekind eut,” which, in spite of the fact that it involves numbers 
other than integral numbers and it raises problems concerning the square 
of a number, may, for convenience, be considered here. Dedekind de- 
fined the number \/2 by separating all rational numbers into two sets, 
one of which contains all the rational numbers whose squares exceed 2, 
and the other all whose squares are less; \/2 is then the “ cut ” between - 
them. As Russell indicates, there are four possibilities in a Dedekind 
cut—(1) there may be a maximum to the lower set and a minimum to 
the upper, as in the integers dividing at n, n-+-1; (2) a maximum to 

81 ibid., p. 121. 

32 W. A. Granville, op. cit., p. 212. 

33 B, Russell, Introduction to Mathematical Philosophy, p. 78. 

34 ibid., pp. 56f. 

35 J. W. Young, Lectures on the Fundamental Concepts of Algebra and 
Geometry, 1911, pp. 108f.; cf. B. Russell, Principles of Mathematics, p. 
244, 

86 See B. Russell, Introduction to Mathematical Philosophy, p. 69. 
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one but no minimum to the other, as in the series of all ratios up to and 
including 1 and all ratios greater than 1; (3) no maximum to one but a 
minimum to the other, as in all ratios less than 1 and all ratios from 1 
upward and including 1; or (4) neither maximum to the one nor 


minimum to the other, as in the case of \/2.37 In all these cases, with 
the possible exception of that of the lower set of case 1, something is 
left innotative or enotative in one or more of the senses indicated. We 
may note that if a series is not completed by numbers it may be filled 
out by possibilities and relationships. 

A compact or dense series, which is said to have the property that 
there are always other terms between any two, so that no two are con- 
secutive,°* according to our view, can be understood in this way. Ra- 
tional, irrational, and real numbers can also be understood with the help 
of such views of indeterminate series. Rational numbers correspond to 
ratios. Taking the case (3) where the lower section has no maxi- 
mum, and ealling this lower section a segment, those segments which 
correspond to ratios are those that consist of all ratios less than the 
ratio they correspond to, which is their boundary; those which repre- 
sent irrationals are those which have no boundary. A real number is 
a segment of the series of ratios in the order of magnitude. A rational 
real number consists of all ratios less than a certain ratio, and it is 
the rational real number corresponding to that ratio.*® Real num- 
bers are said to possess the most complete continuity known.*? “ Count- 
able’ numbers form a series enotatively indeterminate; non-countable 
numbers a series both enotatively and innotatively indeterminate.*1 

The properties of being determinate and innotatively indeterminate 
seem to be combined in Cantor’s definition of a series as perfect when 
all its points are limiting points and all its limiting points belong to 
it. Again, when every member of a series is the limit of a progression 
or regression, Cantor calls the series condensed in itself. Russell de- 
fines a closed series as one in which every progression or regression 
contained in the series has a limit in the series, although these notions 
of limit and continuity must not be confused with the notion of the 
limit of a function for approaches to a given argument, or the con- 
tinuity of a function in the neighborhood of a given argument.*? 


37 B. Russell, loc. cit. 38 ibid., p. 66. 29 ibid., p. 72. 

40 B. Russell, Principles of Mathematics, p. 193. 

41 cf. E. W. Hobson, The Theory of Functions of a Real Variable, 1907, 
pp. 66-74. For a more recent discussion of these allied problems in current 
mathematical theory, including the work of Brouwer and Hilbert as well 
as that of Russell, see A. Fraenkel, Hinleitung in die Mengenlehre, 1928, 
pp. 220ff. I hope to develop the theory of implicit duality, with its ‘‘in- 
notation’’ and ‘‘enotation’’ as applied to these problems, in a new book 
to be called The Horizons of Thought. 

42.B. Russell, Introduction to Mathematical Philosophy, pp. 102ff. 
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Here we may also consider other complicated series which are inde- 
terminate in various ways. <A well-ordered series, according to Rus- 
sell, is one which has a beginning and has consecutive terms and 
has a term next after any selection of its terms, provided there are 
any terms after the selection.** According to our view, all infinite 
numbers are in some respect enotative; something with respect to them 
must be left indefinite. This is clear enough when one speaks of the 
series of cardinal numbers. And when this is left indefinite, any as- 
sumption that the series is similar to a proper part of itself becomes 
equivocal; it may be similar, and it may not. Russell says elsewhere 
that the notion of infinity is a property of classes and only derivatively 
applicable to a series; classes which are infinite are given all at once 
by the defining property of their members, so there is no question of 
completion or successive synthesis.44 For us, infinity as a property 
of classes represents a possibility or a relationship, where, if a term in 
the class is implied, the term is left enotative. In other words, the 
“defining” property of the members, or the law of the formation of 
the series, itself contains an enotative reference. 

According to Russell, with suitable definition, it may be said that the 
class of all transitive generators of progressions is the smallest of 
infinite serial numbers—Cantor’s »—and that every class similar to the 
domain of a progression is itself the domain of a progression which is 
the smallest of infinite cardinals—X,. One may then obtain a series 
of ordinals by thinning out a progression, and the series will be longer 
than that obtained by rearranging the terms of the progression. The 
cardinal number of the class of such ordinals is greater than &,—Can- 
tor calls it 8—and one may go on to obtain a whole series of Alephs.** 
But for us the indeterminateness will still lurk in the series, both as to 
numerical content and as to the maximum of these infinite numbers. 
Thus Russell says that it is not known whether 2% is equal to any of 
the cardinals in the series of Alephs, nor even whether it is comparable 
to them in magnitude.*? 


(23.87). Numbers as written and manipulated in the decimal 
notation exhibit periodicities, but these are not confined to the 
decimal notation. Whitehead expresses this by saying that the 
concept of number applies to number, and, whatever number be 
taken, another number can be divided into groups which have 
recurrent properties with respect to the number selected.** As 
those properties of terms-in-propositions which may be set in 
parallelism to the periodic properties of atoms help with the 

48 ibid., pp. 83, 92. 


44 B, Russell, Our Knowledge of the External World, 1915, p. 156. 
45 In conversation. 
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difficulties of the doctrine of types, so these properties of num- 
bers help with the difficulty of a class of numbers which is or is 
said to be a member of itself, and with the contradiction of the 
‘‘oreatest cardinal.’’ * 

(23.388). Properties parallel to heredity in organisms char- 
acterize numbers generated in division. In (23.380) general, 
(23.8802) retention, (23.3803) transference, and (23.3804) ef- 
fects—in quotients—may be traced, although for extensional 
theories of number they are often not important. They will be 
considered in more detail in connection with powers of numbers 
(see 24.380, etc.). Such processes may involve (23.3811) re- 
lationships of later monads or powers of numbers, (23.38111) 
derived from one another or (23.88112) coordinate with one 
another—for example, in least common multiples. The 
(23.38113) mutual relationships of such numbers may be re- 
garded as intensional and left innotative, although some of these 
properties may appear in determinants. Taking the relation- 
ships between (23.3812) numbers of the first power, we find that 
these may, as above, be (28.38121) derived from one another. 
We find metaphors of heredity used in connection with the prop- 
erties of series; thus, according to Russell, a property is said 
to be hereditary in the natural number series if, whenever it 
belongs to a number n, it belongs also to n+ 1, the successor 
of n.*7 But this is a relationship not necessarily occurring in re- 
production, although it might as a special case be involved there. 
Linkages between numbers comparable to the linkages of hered- 
ity are traceable by the aid of common factors, especially great- 
est common divisors, found throughout a series of successive quo- 
tients, and also in the least common multiples of numbers. Com- 
mon factors may exist throughout (23.38122) sets of factors 
reached by division. Some properties of groups ** and perhaps 
the properties of perfect, condensed, and closed series *® of num- 
bers may be regarded as (23.38123) mutual. Since (23.3813) 
classes in one-one correspondence and correlated classes are re- 
garded as intensional and left innotative, no account of them 
is taken in this connection, but there are countless unexplored 
possibilities and relationships. 


46 cf. B. Russell, Introduction to Mathematical Philosophy, pp. 135f. 
47 ibid., pp. 21, 93. 

48 See C. J. Keyser, Mathematical Philosophy, 1922, p. 202. 

49 See B. Russell, op. cit., pp. 102f. 
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(23.41). Elements of a number may in the course of sub- 
traction and division pass from an element of higher decimal 
order to one of a lower. A number disintegrates when it is split 
into its factors; perhaps these constituents, too, may (23.411) 
disintegrate into their constituent classes, although if so this 
does not belong in the extensional theory of number. Such dis- 
integration is sometimes (23.412) the result of the operation of 
other numbers, as when through some numerical operation 
(23.413) the member on the left is set equal to zero, as in the 
typical az? + be + c=0.5° Any equation may be thus reduced 
by transfer of any members on the right not zero, and by change 
of sign, just as any cell may be reduced to the environment by 
taking from it that which it attains as a result of its interac- 
tions. Thus the solution of an algebraic equation may involve 
a certain ‘‘dissolution.’’ Zero as an enotative term here may 
signify not ‘‘no result,’’ but rather ‘‘a result not expressible in 
number.’’ If the operation could be considered intensionally, 
certain correlated classes might still be left to be taken into ac- 
eount, and these correlated classes might disintegrate still fur- 
ther into logical classes, terms, relations, or possibilities. 

By a convention, a number as the result of its interactions may 
be reduced not to zero but to a negative number. Negative num- 
bers (see 23.2205) here seem to indicate not merely a cessation 
of individuation, so to speak, but a reversal of individuation, 
such as might characterize an organism that was not developed, 
or that was developed only to be devoured by another organism. 
But it must be expected that there will be features of the sub- 
sistent realm of number not precisely paralleled in the nar- 
rower existent realm of the biotic. Moreover, negative numbers 
are a convention; the law of signs can not be proved. 

(23.42). The extensional view of classes and numbers is 
enough to show that given the process of addition, numbers ex- 
hibit aggregation; loose aggregates may be indicated by the use 
of plus signs. 

(23.43). Ordinarily, according to extensional views, a num- 
ber is treated as an aggregate with internal relationships left out 
of account and innotative, and with structure unimportant, be- 
eause the order of the classes which are in one-one correspond- 
ence is disregarded and because constituent numbers are subject 


50 cf. H. L. Rietz and A. R. Crathorne, op. cit., p. 62. 
5icf. J. W. Young, op. cit., pp. 110f. 
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to the commutative law. According to the view here maintained, 
within such aggregates the process of arithmetical multiplica- 
tion amounts essentially to an integration of monads of one 
level, 7.e., integral numbers, into monads of another level often 
hard to distinguish from the preceding, 1.e., products, typically 
represented by the square of a number. 

It may appear that the multiplicand and multiplier, which 
seem to be numbers quite comparable with one another, are 
merely multiplied together to produce the product; but this, as 
in the case of the reverse process of division, considered above, 
must not be taken too loosely. The multiplicand is a number 
made up, let us say, of units, while the multiplier is another 
number made up of the instances of the multiplicand, each of 
the instances being taken as a unit. The multiplicand is a 
class of classes, which by the operation indicated by the multi- 
plier is converted into a product; but the product, wmstead of 
being a class of classes of the former order, 1s a number of num- 
bers and thus belongs essentially to another order, or a higher 
level. The combination of multiplicand and multiplier is dealt 
with more analytically in Cantor’s definition of multiplication, 
according to which, if M and N be two classes, we can combine 
any element of M with an element of N to form a couple (m, n) ; 
and the number of all such couples is the product of the numbers 
M and N.? This combination of (23.431) elements of M with 
elements of N shows that intensional processes or internal rela- 
tionships may characterize the new monad. 

According to our view, multiplication by 1 would mean a 
change, perhaps an intensional change or reorganization, in a 
number on the way to the process of multiplication. Its result, 
except perhaps for something left innotative, would be equiva- 
lent to the process we associated with division by 1. ‘‘Multi- 
plication’’ by fractions is equivalent to division (see 23.3821). 
Multiplication by a negative, or multiplication by two negatives, 
is best understood in processes involving square roots (see 
24.333351-2) ; other cases may be taken as extensions of the same 
principle. The most interesting case of products is found 
when a number is multiplied by itself, with the result a second 
power or square of the number. As will appear in the next 
chapter, our view is that such a square in its relationship to the 
various products which can be derived from it affords a parallel 


52 B. Russell, Principles of Mathematics, p. 307. 
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to a germ-cell in its relationship to the somatic cells of an or- 
ganism. 

(23.44). The prominence of numerical expressions of the 
first power in equations of the second degree is evidence of 
(23.441) maintenance of individuation of such expressions or of 
their (23.442) differentiations within new monads. Other dif- 
ferentiations may be detected in permutations and combinations 
at the new level. 


33 


CHAPTER XXIX 


Propucts AND Powers oF Numpers (ARITHMETICAL AND AL- 
GEBRAIC EXPRESSIONS OF THE SECOND POWER OR DEGREE, 
AND OF HiGHER POWERS OR DEGREES) 


“ Any polygonal [number] multiplied into a certain number depend- 
ing on the number of its angles, with the addition to the product of a 
certain square also depending on the number of the angles, turns out 
to be a square.” | 

Diophantus, translated by T. L. Heath, Diophantus of 
Alexandria, 1910, p. 247. 


(24.00). The great difficulty in discerning differences of 
level among numbers is that in arithmetical and algebraic 
operations considered extensionally, any given expression equals 
an indefinite number of others in countless different combina- 
tions. In spite of all this, the way to distinguish monads of 
different levels seems to be indicated by the accepted mathe- 
matical distinctions between rational integral expressions of 
various degrees, the degree of an expression being indicated by 
the highest numerical exponent.t According to the view de- 
veloped in the preceding chapter, any product of two numbers 
is virtually a monad of this level, just as any integration of 
unicellular organisms is a multicellular organism; the squares 
of numbers serve as representatives of other products, just as 
multicellular germ-cells, which are really combinations of cells 
derived from the two parents, represent the somatic combina- 
tions of cells—or, again, just as a generalization in its own 
logical realm represents the body of propositions which it sums 
up. This ascribes to powers more significance than does Bert- 
rand Russell, for whose extensional view powers are abbrevia- 
tions from products in which all the numbers multiplied together 
are equal.? Several objects considered in the theory of number, 
e.g., ‘‘Mengen,’’ resemble organisms, Gestalten, etc., in that they 
may include monads of more than one level of their respective 
realms. 

1H. L. Rietz and A. R. Crathorne, College Algebra, 1929, p. 49. 

2B. Russell, Principles of Mathematics, p. 120. 
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Powers of numbers exhibit the characteristics of ordinary 
numbers, with allowances for increasing complications. The 
structures and processes at the various levels—+.e., in expressions 
of different powers or different degrees—are so much alike that 
detailed discussion would involve much needless repetition. 
Thus (24.10) individuation is (24.11) relative to (24.112) the 
prime numbers, unless these be considered as (24.113) multiples 
of themselves and of 1; and (24.1131) the dyadic relationship 
of priority and difference of magnitude is exhibited here as at 
the preceding level. It appears here typically in differences 
between perfect and imperfect squares (see 24.3323). There are 
(24.131) simple forms of squares, such as (24.1311) 1?; 
(24.1812) 2?, x?; (24.1813) more open formations, as in ex- 
panded aggregates of ordinary numbers which add up to square 
numbers; (24.1382) compound forms, as 2*-+ y?; and (24.133) 
complex forms, as x?y?. The fact that such expressions can be 
set equivalent either to numbers of the first power—.e., to 
monads of a lower level—or sometimes to numbers and expres- 
sions of the fourth power—+.e., to monads of a higher level— 
is due to the complicated interrelationships characteristic of 
numbers, but is partially paralleled by the fact that the germ- 
cell of a multicellular organism may be regarded either as a cell, 
or as containing at least the germinal material for a society. 

(24.20). The interactions are analogous to those of the pre- 
ceding level, with added complications incident to expressions 
of the second degree, as in quadratic equations.* Of chief im- 
portance is (24.25) the structure (24.252) resulting from such 
interactions, although in some points of detail parallelisms with 
other realms are difficult if not impossible to detect. Arithmeti- 
eal expressions for large numbers may be written in expanded 
form so that they contain some squares, e.g., 10,000, 100, at the 
left, and when we perform addition or subtraction in the usual 
way, starting at the right, the (24.2521) effects of interactions 
with prior monads first become apparent in the first power terms 
and are only later (24.2523) enregistered in the terms which are 
products or squares. But this hardly applies to algebraic ex- 
pressions. Numerical expressions of the second degree doubt- 
less contain (24.2531) constituent monads of the logical realm; 
according to our view, the persistent interactions of these give 
such equations their logical status. If products and powers are 


3H. L. Rietz and A. R. Crathorne, op. cit., pp. 49, 637. 
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considered intensionally, there are also doubtless (24.2532) con- 
stituent correlated classes and classes in one-one correspondence, 
as well as constituent numbers of the first power. In detail, 
we suppose that (24.25321*) larger numbers will tend to dif- 
ferentiate within them more extensive classes-in-correspondence 
than smaller numbers will. We shall find some ground for 
supposing that ?? (24.25322 *) constituent classes in one-one 
correspondence may possibly be discerned in positive and nega- 
tive roots in round numbers which occur as constituents of 
numbers of high decimal orders (see 24.3822, 24.33246). By 
‘‘eonstituent round number’’ here is meant such a number as 
100 or 10 in the number 44’, or 1936; these numbers appear 
more clearly as constituents when 1936 is written in expanded 
form, as 1000 + 900+ 10 + 10+4-10-+ 6. An important place 
must be assigned to such (24.25323 *) round numbers, especially 
in extraction of roots, in the process familiar as ‘‘pointing 
off?’ (see 24.8324). Constituent numbers are presumably 
(24,253231 *) not so free to interact when they are elements in 
the organization of the larger number as when they subsist more 
independently as monads of the prior level. Expressions of the 
second degree exhibit (24.253233 *) wide varieties of arrange- 
ment and compactness of grouping of their constituent terms; 
examples to fit any theory may be constructed, and may belong 
somewhere in the numerical realm. Quadratic equations may 
contain (24.2533) cognate monads; some of these may be 
(24.25332) differentiated within such an equation at the time of 
extraction of roots and solution in new equations, as the process 
of deriving the roots of a quadratic equation* shows. Here 
again, there seems to be no ?? (24.253321) parallel for nebular 
condensations, multicellular embryos, and suggestions in their 
respective realms. Possibly the differences here are due to 
spatial compactness, marking the increased degree of cumulative 


coordination in the later realms. Again, there seems to be no 


clear ?? (24.253326) numerical parallel for the differentiations 
in stars and planets, in plants and animals, and in autonomic 
and cerebro-spinal patterns; the nearest we can come to such a 
parallelism is to suppose that there are intensional differences 
between certain expressions of the second degree which are to 
be multiplicands and other expressions which are to be multi- 
pliers (see 24.25321). 

(24.2534). Within numbers which can be regarded as prod- 
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ucts, and even more within numbers of higher powers (see 
25.2534), multiples of numbers appear, which, when taken in 
Series with a relationship of inclusion, constitute the initial 
level of the geometric-kinematical realm (see 30.00 (3) ). 

(24.254). Some gross differentiations of expressions of the 
second degree appear, if one may judge from the typical equa- 
tion axz?+ bray +cy?’+dxe+ey+f=—0, in. the fact that 
when the equation is arranged in typical form the second powers 
of x and y, toward the left, correspond in general to (24.2541) 
central regions of parallel monads, e.g., to the germ-cells of a 
multicellular organism. A square number has the marks of a 
dual structure, and if numbers are produced as the products 
of factors of other numbers, a square number might at least 
as likely as not be made up of factors which were previously 
components of two other numbers (see 23.253822, 24.3322). The 
simpler products toward the right of the above expression may 
be said to correspond to (24.2542) intermediate, as well as to 
(24.2543) peripheral regions to parallel monads, although the 
relationships are those of priority or excess of magnitude, and 
perhaps dependence, rather than of spatial distribution. 

(24.255). The specializations of function are like those of 
numbers of the first power, but localization is easier in arith- 
metical than in algebraic expressions. Squares of numbers ex- 
hibit (24.2551) an elaborate process of division in the extraction 
of roots (see 24.332, 24.3812). 

(24.26). The general principles of regulation as indicated for 
numbers of the first power hold, with the usual allowances for 
increased complications. The remarks made at the preceding 
level may also be made concerning (24.27) augmentations and 
depletions with reference to (24.271) limits at this level. 

(24.80). In processes of division occur the most marked 
differences from monads of the preceding level. (24.31) Re- 
peated productions of numbers of the second power, as well as 
(24.32) reproduction by ‘‘fission,’’ as when (24.8211) 4? divides 
into 2:2? and 2:2?, or (24.3212) 5? divides into 4? and 3’, may 
be assumed, but (24.33) certain other processes, according to 
our view, may be called ‘‘bi-parental.’’ This term is intended 
to cover cases in which a new number of the second power ap- 
pears from (24.3312) other numbers of the second power, as 
(24.3318) the product of factors (square roots) of the other 
numbers. There seems to be no familiar illustration or direct 
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application of this process, but there need be no doubt that, if 
processes are characteristic of pure numbers, this process occurs 
at least among others. Its parallel in bi-parental reproduction 
in the biotic realm is, from the standpoint of the amoebas and 
bacteria, perhaps correspondingly exceptional. The numbers 
of the second power may arise sometimes as the product of roots 
of two previous numbers of the second power, and sometimes 
by mere factoring of one previous number of the second power 
—as when 2? is derived from 4?—although there appears no 
reason why the two modes of reproduction should alternate or 
be related in any other way than perhaps that of statistical 
averages. Other results numerically equivalent may be obtained 
in (24.3815) various ways. 

In connection with the ‘‘bi-parental’’ process occurs (24.3832) 
the so-called extraction of square roots of numbers of the second 
power, which may also take place in integral numbers of the 
first power less than 10, such as 4 and 9 (see 23.3382). We sup- 
pose that in a realm where numbers exhibit freely all their 
typical interactions, augmentations alternate at intervals with 
such divisions; a trace of such processes apparently is found 
in the method of solving a quadratic equation by ‘‘completing 
the square.’’* Weare here (24.3321) concerned only with those 
products, typically numbers of the second power, which undergo 
processes of extraction of roots. Countless other products, like 
somatic cells, are for the time being not taken into account. 
The products with which we are concerned may be said to 
present (24.3322) a complexity of structure in their elements 
of higher decimal orders. In some way the roots of these num- 
bers ‘‘come out of them,’’ although it is difficult, if not impos- 
sible, to account numerically for the presence within a given 
number of both positive and negative roots. Our suggestion is 
that a preparation for the process of extraction of roots of num- 
bers of the second power, which are found among other products 
in an expression of the second degree, parallels the process of 
tetrad formation in the germ-cells, which are found among other 
(1.e., somatic) cells in a multicellular organism. Just as the 
two chromosome threads of the longitudinal division are equal, 
so the numbers representing the positive and negative roots are 
equal in absolute value. And just as the two chromosome 
threads involve a splitting and reveal a pairing of genes derived 
originally from each of two parents, so we suppose that the two 
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sets of roots may involve a splitting and reveal a pairing of 
classes in one-one correspondence derived originally from each 
of two ‘‘parent’’ numbers which were multiplied together to 
produce the number of the second power (see 23.25322, 23.32113, 
24.2541, 24.383242). 

We may now modify what has been said of square numbers, 
(24.3323) distinguishing between numbers of any given magni- 
tude hereafter called maximum magnitude, 2.e., numbers having 
a given number of elements in each of the given decimal orders, 
and which are ‘‘perfect squares,’’ for example 20,736, and other 
numbers somewhat less in magnitude, which lack elements in 
some of the given decimal orders, 2.e., contain fewer constituent 
‘‘round numbers’’ or units, and which consequently are not 
perfect squares, for example 15,120. <A perfect square, for 
example 20,736, will yield integral square roots, + 144, which 
are all equal in absolute value and contain the same number of 
round numbers, 7.e., one 100 and four 10’s, which in each root 
are elements of the decimal orders of the hundreds and the tens. 
The equal roots will mean that the original square, 20,736, 
parallels a germ-cell with the XX type of chromosome content. 
But if the other smaller, approximately square number, 15,120, 
is to be factored into a factor equal to one of these roots, 144, 
and another factor, in this case 105, the latter factor will be 
somehow defective, and in this case altogether lacking in round 
numbers of one decimal order, tens—indicating that the original 
approximately square number parallels a germ-cell with the XO 
type of chromosome content. Whitehead notes that one of the 
earliest uses of zero was probably to fill out places in the decimal 
order of the Arabic notation for which no units were available.‘ 
In other cases, the deficient factors may not be altogether lack- 
ing in 10’s or other round numbers in a given decimal order, 
but may merely not have the maximum number—indicating that 
in these cases the original number parallels a germ-cell with 
the XY type of chromosome content. It is supposed that in any 
ease the two original numbers will be sufficiently alike so that 
their roots will be of the same or nearly the same decimal order 
of magnitude. The difference of magnitude of the perfect and 
imperfect squares reflects the general dyadic relationship (see 
24.1131). 

In any numbers of which square roots are to be taken, we 


4A. N. Whitehead, Introduction to Mathematics, pp. 64f. 
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suppose that a complicated process of (24.3324) double reduc- 
tion occurs somewhere in the course of the extraction. Since 
the result of a process of extraction of roots is a number, ob- 
tained in ‘‘stepwise’’ fashion by taking the elements of each 
decimal order—or, as indicated in the ordinary pointing off, 
of two decimal orders at a time—and since the resulting root 
or number can be written in expanded form, with the elements 
which were derived from elements of each decimal order of the 
original number of the second power connected by plus signs, 
(24.33241) the process of reduction may be said to take place 
in the elements of each decimal order separately, with subsequent 
compounding of the results. Disregarding for the moment 
minor variations in the original numbers not perfect squares, 
there will be, (24.83242) in each original number from which 
roots are to be extracted, a certain number of round numbers 
of each decimal order; these are the round numbers from which 
are extracted in stepwise fashion the numbers which by addition 
are compounded to constitute the roots. For each of these 
positive roots there is also a negative root, so that each of the 
original square numbers has (24.383243) two positive and two 
negative roots. The second set of roots appears to be the result 
of a normal interaction and growth of a square number, which 
takes on additional classes in one-one correspondence without 
affecting its numerical value, and is thus parallel to the ana- 
phase, etc., of a dividing germ-cell. We suppose that the four 
roots are all alike until some are rejected, as polar bodies are ex- 
truded, and to those rejected the designation ‘‘negative’’ is ap- 
plied. With regard to negative roots, it is interesting to find that 
Benjamin Peirce said that the symbol \/—1 doubles the actual 
universe and ‘“‘by means of curiously connecting fibers’’ forms 
with it an organic whole.’ Only one of the four roots is required 
for the new product; there is (24.83244) double reduction of 
‘‘tetrads’’—-whether regarded as from each decimal order or 
from the original number as compounded,—and only one member 

5 Quoted in R. E. Moritz, Memorabilia Mathematica, p. 282. The prop- 
erty mentioned could in better accord with our parallelisms be ascribed to 
~1, as one of the roots of 1, but V—1 may parallel a process of still further 


reduction (see 24.333351-2). Recently the number V-1 has been asso- 
ciated with the relationships between space and time (A. S. Eddington, 
Space, Time, and Gravitation, p. 48). The added dimension ‘‘steps up’’ 
a geometric-kinematical monad one level (see 32.254, 35.00), somewhat as an 
extruded oocyte if developed marks the difference between one individual 
and a society of two individuals (see 34.333352). 
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of each ‘‘tetrad’’ is taken. The root taken is in each ease still 
a number, but (24.83245) a number in a peculiar state, being 
one of the square roots of the original number. Just (24.383246) 
why there should be positive and negative roots is difficult to 
see. On the one hand, there must be some reason for the fact 
that the negative numbers obey the formal laws, and one might 
hope for a better reason than that of mere convention. Perhaps 
the parallelism with a dividing cell furnishes such a reason. On 
the other hand, the negative roots are not necessary to produce 
a number; two positive roots are amply sufficient, unless inten- 
sional differences are to be taken into account. 

The process of extraction of roots is subject to numer- 
ous (24.83247) minor modifications. These might include 
(24.832471) cases where ‘‘disjunction’’ of positive and negative 
roots, indicated by the familiar +, ‘‘plus or minus,’’ sign, does 
not take place. The result, since the negative roots are not 
excluded and need not be marked by the minus sign, is a still 
more complicated number of the given power. Thus instead 
of a square root, let us say either X or X, one of which, when 
rejected, is to be called not-X and the other of which is to enter 
into the new product, we might have the non-disjoined XX, the 
square of a square root, 1.e., X”, equivalent to the original 
square number, and the final result of the combination of 
this with a square root or another number might then be XX?, 
parallel to triploidy, or even X?X?, parallel to tetraploidy. 
This makes possible more numbers as results of processes of 
reproduction than would be afforded by the comparatively small 
number of perfect squares or other original numbers almost 
equivalent to them. In the process of reorganization of a num- 
ber during interactions, there may also be (24.832472) loss or 
subtraction of one or more elements of any decimal order; also 
(24.832473) processes of ‘‘carrying over’’ of increments from 
the units’ order toward the elements of higher decimal orders, 
or carrying over of decrements in the opposite direction. By 
reason of the interactions of a square number, as enregistered 
in a quadratic equation, the interactions of its roots are different, | 
as is evident when the roots are equal to different numbers. 
There may be likewise (24.332474) processes of carrying over 
or interchange of increments or decrements between the round 
numbers which are elements of different higher decimal orders. 
Interchanges between round numbers which are elements of 
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the same decimal order, such as between the six 100’s of 1600, 
if they occur, are left innotative. The same must be said of 
(24.332475) rearrangements between constituent classes in one- 
one-correspondence. It is (24.882476) not necessary that all 
the roots should help to form new numbers; most of them can 
be disregarded. 

We must now take account again of the fact that some of the 
original numbers are perfect squares and yield integral roots, 
while others are not perfect squares and yield unequal factors, 
some of which may equal roots of the other original numbers. 
Extracted as above from the constituent round numbers of 
different decimal orders, typically by the device of pointing off 
numbers of two places or so at a time, and selected as above, 
typically in disregard of three out of four members of each 
‘‘tetrad,’’ the roots of maximum magnitude and the roots or 
factors of slightly less than the maximum magnitude are respec- 
tively compounded by addition of the partial quotients belong- 
ing to each. When the results are considered, it is found that 
(24.3325) from the original square numbers of any given mag- 
nitude which is taken as maximum, only roots of maximum 
magnitude will be derived. But from those original numbers 
of somewhat lesser magnitude which are not perfect squares, if 
any factor equal to a root of an original number of the given 
maximum magnitude is derived, it will be derived along with 
another factor somewhat less than the root of maximum magni- 
tude. In other words, some of the original numbers will give 
rise to selected roots all of maximum (‘‘X’’) magnitude, while 
other original numbers will give rise to selected roots or factors, 
some of maximum (‘‘X’’) and others of lesser (‘‘Y”’’ or ‘‘O”’’) 
magnitudes. 

The two roots, or a root and a factor, thus compounded after 
their extraction from different original numbers of approxi- 
mately the same magnitude and decimal order, are now (24.333) 
combined (see 24.3313). The process may be regarded as a 
multiplication, and (24.3331) the result, parallel to a fertilized 
egg in the biotic realm, may be regarded either as a number of 
the first power, as when a fertilized egg is considered as one cell, 
or as a product, as when a fertilized egg is considered as a multi- 
cellular organism. The combination of the two roots, or of a 
root and a factor, is not a case of addition but of multiplication, 
which, since the two roots, or the root and the factor, are equal 
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or nearly equal, (24.8332) differs from the ordinary multipli- 
cation by reason of the peculiar correspondence, one-one or 
approximately one-one, between the elements of each decimal 
order in each root or factor. By way of detail, it may be 
observed that (24.33321) of the roots, or of a root and a factor, 
one is taken the number of times indicated by the other, and 
there seems to be a sense in which it ean be said that the one 
which is taken the given number of times penetrates, or is dis- 
tributed through the range of the other number. The con- 
stituent round numbers of the root of the perfect square are 
(24.33322) paired, or very nearly paired, with those of the root 
of the other perfect square of lesser magnitude or with those of 
the factor of another number not a perfect square, although it 
may be assumed that (24.33323) the perfect square has more 
varied mathematical properties than the other number, so that 
the perfect square could be factored in more ways and give 
rise to equivalent auxiliary products, just as an oocyte may 
give rise to more somatic features than a spermatocyte. It is 
not necessary to add, except in view of our parallelisms, that 
(24.38324) in the elements of the various decimal orders of the 
roots or factors, the constituent classes in one-one correspondence 
are not utterly unlike one another. Where they are unlike, one 
class may dominate over another in giving the number some 
intensional quality which the extensional views leave innotative. 
The constituent classes, taken in intension, must often reinforce 
one another, where there are more than two in any given num- 
ber, as well as be similar to one another. The whole process 
of extraction of roots and their multiplication (24.33325) may 
be viewed as processes of aggregation, or rearrangement of 
constituent monads, within numbers whose powers are higher 
than the second. 


As regards (24.3333) results of such multiplications of roots or 
factors, (24.33331) if a root (X) from a perfect square (XX) is multi- 
plied by another root (X) from a perfect square (XX) numerically 
equivalent to the first, the result is a perfect square (XX) of the orig- 
inal magnitude. But (24.33332) if one factor (Y) is from a number 
(XY) not a perfect square, and is less than a root (X) of the perfect 
square (XX) of the given magnitude, the result (XY) of the multipli- 
cation of the factor and the root is not a perfect square (XX) of the 
given magnitude. There is a partial break in ?? (24.33333) the next 
parallelism with the biotic. Two imperfect squares (XY, XY) each 
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less than the perfect square (XX) of the given magnitude, when fac- 
tored into approximately equal factors, (X, Y, X, Y), where one (X) 
is equal to, and the other (Y) is less than the root (X) of the perfect 
square (XX) of the given magnitude, will in most cases, statistically, 
when pairs of factors are multiplied together, not produce a number 
(XX) equivalent to the perfect square (XX). But in the numerical 
realm, factors X and X may produce such a numerical equivalent, al- 
though between this number (XX) and the perfect square there may ~ 
be differences due to intensional differences between a factor and a 
root. Similarly, (24.33334) any two roots from different numbers can 
be multiplied together and yield numerical results, although the results 
will not be of the order of the maximum number (see 24.3335). 


‘ 


One may conceive (24.383335) combinations developed from 
rejected—+.e., negative—roots or factors. Thus (24.833351) if 
a rejected root or factor had been used in place of either of those 
taken, the result, from the point of view of those taken, would 
have had the characteristics of those rejected, and any further 
development, from the point of view of those taken, would have 
the characteristics of those rejected. This is another way of 
saying that the product of a positive and negative root or factor 
is a negative number, and also that the square root of a negative 
number can not be indicated determinately. A number in- 
volving the square root of a negative number is called a com- 
plex number. According to Russell, no arithmetical problem 
leads to them; they are wholly incapable of arithmetical defini- 
tion ; algebraic generalization has been unable to prove that there 
are such entities, which could only be located by a theory of 
dimensions; yet they are needed in order that the extraction of 
roots and the solution of certain equations might be possible. 
Complex numbers have the form a + 61, where a is a real and bi 
an imaginary part, andi== VV —1.° According to our hypothe- 
sis of epitomization, complex numbers then seem to be somewhat 
paralleled in the biotic realm by an attempt to indicate what 
might have been the appropriation of an element, a, by a once- 
extruded tetrad (\/-1), if by union with some other element, 
b, the tetrad had also developed into an organism. As just indi- 
eated, (24.3383352) two negative roots multiplied together are 
ordinarily, by convention, taken to yield a positive number; 
some justification for this rule may be found in the parallels 


6B. Russell, Principles of Mathematics, pp. 377f.; Introduction to Math- 
ematical Philosophy, pp. 74f. 
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seen in cases of multicellular twinning and logical uses of two 
negatives. 

There are (24.3334) between maximum roots of such a proc- 
ess, or roots of perfect squares, and lesser factors, or lesser im- 
perfect squares, certain relationships of inclusion; at least in a 
sense, the larger includes everything that the smaller has, and 
more; and there are corresponding relationships between any 
roots or factors rejected. We noted that not all the roots or fac- 
tors of the elements of various decimal orders are used in the 
compounded roots of the numbers (see 24.832476) ; in this re- 
spect, (24.3335) the root of a perfect square differs from the 
factor of a number not a perfect square. In the former, there 
can be no variations; two roots of only the one magnitude will 
produce as a result the perfect square equal to the original num- 
ber. In the latter, there may be slight variations in the fac- 
tors, and any one of them may help to produce at least an ap- 
proximation to a number which is not a perfect square. In 
fact, any one of a vast variety of mumbers may serve as an 
imperfect square. After the new power of a number has been 
formed by multiplying the roots (24.3336) it may, if regarded 
as a second power, enter as an element into an equation of the 
second degree. As the development proceeds, (24.8337) the 
original numbers whose roots or factors united to produce a 
given power may, on an intensional view of number, cease to 
function with respect to a number thus produced. 

(24.3834). Wherever it occurs, such an arrangement com- 
bines the continuity of the process of division, the stability of 
the number relationships taken in extension, and the variety 
traceable to the derivation of the roots of a new number or 
power from original numbers which are either numerically 
slightly unequal, as perfect and imperfect squares, or else if 
numerically equivalent, may, on our view, be intensionally dif- 
ferent. 

(24.34). That persistent processes of division continue in 
numbers of the first power which are constituents of expressions 
of the second degree seems clearly shown by the inclusion of 
fractional elements in such expressions. There is nothing new 
in principle to add to the considerations of (24.35) resem- 
blanees and differences. It seems absurd to look for any differ- 
ences paralleling those of different nebulae, plants, and animals, 
but certain degrees of compactness and interrelatedness of con- 
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stituent monads in expressions of the second degree—matters in- 
volving somewhere intensional properties and innotative refer- 
ence—might be sufficient for remote parallelisms. The (24.36) 
serial arrangements and (24.37) periodicities are more compli- 
cated than at the preceding level. Some of the series which for 
the sake of the argument were considered at the former level be- 
Jong here. 

(24.388). Most of the (24.880) general features parallel to 
multicellular heredity may be traced, if allowances are made for 
the manifold transformations possible in numbers. Thus there 
are (24.3802) retentions and (24.3803) transferences of factors 
from powers to roots, with (24.3804) effects in the roots. There 
seems again to be no ?? (24.3805) parallel for embryonic devel- 
opment, but the whole process of development here is in definite 
numerical (24.3806) relationships with the higher powers of 
numbers. Sometimes (24.8807) the process of extraction of 
roots can not be carried through in detail, but is merely indi- 
eated by putting a whole expression under the radical. Such 
sequences and relationships as are traceable (24.3808) usually 
appear within a given series or group of commensurable num- 
bers, or numbers possessing common factors, and help to specify 
those numbers. We might, if interested in details, consider 
(24.3811) the relationships of square numbers as factors within 
numbers of larger powers, whether the factors are (24.38111) de- 
rived from the latter, (24.88112) coordinate with one another 
within them, or even (24.38113) mutually related, perhaps inten- 
sionally. As regards the relationships between (24.3812) differ- 
ent expressions of the second degree, represented by square or ap- 
proximately square numbers—to say nothing of relationships be- 
tween different elements of a given expression—we find that one 
such number may be (24.38121) derived (24.381211) from an- 
other or from roots of two others, although (24.381212) losses by 
subtraction may modify the process; or, two or more such num- 
bers may be (24.88122) coordinate with one another, with com- 
mon factors; or they may be in (24.38123) mutual relationships, 
as in groups, and perhaps in perfect, condensed, and closed series. 
At this level, we may in a more detailed analysis consider 
(24.3813) relationships of round numbers of the first power 
which are elements of the various decimal orders of quotients, 
roots, ete., whether the latter are considered as separate num- 
bers derived from square or approximately square numbers or 
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as included within them. Division may in such eases be taken 
either as a process involving (24.88131) subordinate or 
(24.38132) coordinate relationships of such round numbers. We 
noted above that a fundamental type of division, 1.e., division 
by two, involves a splitting of the round numbers (compare 
23.32113). If, as in the parallel in mitosis, an inverse process 
of growth and doubling is considered along with this, one would 
have (1) the production of closely similar although, intensionally 
considered, not identical round numbers, with (2) the tendency 
to keep the number, although intensionally considered, not the 
content of round numbers identical, and (8) the tendency to 
keep the numerical properties and interactions similar, although 
these may be modified. Finally, such division (4) provides for 
regular transferences and linkages of constituent round num- 
bers and even of classes in one-one correspondence—transfer- 
ences and linkages which are essential to the continuity and sta- 
bility of numerical operations. 

In connection with the subordinate, coordinate, and perhaps, 
intensionally considered, the (24.38133) mutual relationships of 
such round numbers as constituents of roots, the data concern- 
ing the products of two roots, or factors, derived either from 
two perfect squares, or from two numbers, one a perfect square 
and the other only approximately a perfect square, could be 
accommodated (see 24.8333). Thus when a root, a, from one of 
the original numbers and a root, b, from another original number, 
are multiplied together, we have the product a X b, and both a 
and b appear in the operation as often as it is performed. When 
the roots of these products are again taken and multiplied to- 
gether, we have other combinations possible; considering only 
absolute values, there will be three different kinds of combina- 
tions, and the smallest number of instances to contain them all 
will be four—.e., there may be a Xa,a x 6,6 Xa, or 6X D. 
If we are interested in tracing both roots a and b in successive 
products, we may regard them initially as an aggregate, or as in 
a relationship of non-incorporative appropriation of one by the 
other, and may write them a+b. Now when a and b together 
are multiplied by a and b again, the results, if assembled, will be 
equivalent to (a+ b)?, or a? -+ 2ab + b?. In other words, the 
squaring of a+ 0 is a process of pairwise multiplication, with 
assemblage of terms. As often as the process occurs, this will 
be the result; and the higher multiplications with their appropri- 
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ate assemblages of terms may be traced by the binomial theorem.’ 
We approach here a parallelism between the properties of num- 
bers and the Mendelian formula for an F, generation, which 
formula can be written in the algebraic form a* + 2ab + b?.® 
The parallelism as stated is inexact for two reasons, neither of 
which affects the argument. In the first place, the Mendelian 
formula applies not so well to linkages between cells or chromo- 
somes as to linkages between genes in chromosomes, whereas 
here the binomial formula is stated for roots, which are numbers 
and, according to our view, parallel to cells, rather than particu- 
larly for constituent round numbers which we take to be parallel 
to chromosomes, and still less for (24.8814) classes in one-one cor- 
respondence, which we take to be parallel to genes. But with 
certain reservations as regards types, which are covered by dif- 
ferences of level or sub-level, the properties of number seen in 
permutations and combinations apply to the constituents of num- 
bers; hence, just as the Mendelian formula applies to genes, the 
binomial formula applies to classes in one-one correspondence 
considered as units, although intensionally the descriptions of 
these classes and of linkages or differences between them, since 
they concern monads of a level prior to numbers, are left 
innotative. In the second place, the Mendelian formula itself 
disregards the process of meiosis and the extruded chromosomes 
in the parents of the F, generation when the F, generation be- 
comes parents of the F, generation (see 54.8814). When the 
full number of possibilities is taken into account, we have for the 
F, generation, a, 0; or —a, b; or a, +b; or -a, —b. And when 
negative roots are taken into account, we have for our ex- 
traction of roots a similar array of possibilities. The next dis- 
tribution in this way, gives in both cases combinations ex- 
pressible (compare 14.3814) by 


{(a | -a) | (b | -b)}-{(-a | a) | (2 | B)}. 


(24.41). In the disintegrations, including (24.413) the solu- 
tions of expressions of the second degree, as well as (24.42) their 
aggregations, no new principle seems to be involved. Their 
(24.43) multiplications, however, may call for a remark. Just 
as a Star with one atom revolving around it might, as an extreme 
case, be said to constitute a system, or just as a multicellular 


7H. L. Rietz and A. L. Crathorne, op. cit., p. 96. 
8cef. W. E. Castle, Genetics and Eugenics, 1922, p. 108. 
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organism with one unicellular organism dependent upon it might 
be said to constitute a society, so an expression of the second 
degree multiplied by an expression of the first degree (in the 
same term) might be said to constitute an expression of the third 
degree, or part of a cubic equation. But, judging from the 
better known cosmogonic parallel, where astronomical bodies 
form systems, or the biotic parallel, where multicellular organ- 
isms form societies, the most typical numerical cases would seem 
to be expressions of the fourth degree obtained as products of 
two expressions of the second degree. An expression of the 
fourth power, is here parallel, let us say, to a society integrated 
from two multicellular organisms, and primarily from their 
germ-cells. A cubic expression may, as noted above (see 
24.3832471), be regarded as a parallel to triploidy;® but we may 
assume that there are more widely varying combinations in the 
powers or roots of numbers than in the germ-cells or organisms. 

(24.44). Expressions of the second degree are typically 
(24.441) found in expressions of higher degrees, or (24.442) de- 
veloped in the course of the processes of the latter. 


Arithmetical and Algebraic Expressions of Higher Powers and 
Degrees 


(25.00). . . . There is no need to repeat the detailed analysis 
of monadic characteristics at the level of cubic or (26.00, ete.) 
higher equations. We need note only the increasing difficulty 
of solution *° and the fact that expressions of the third and higher 
degrees may when considered as (25.2534, 26.2534, ete.) in- 
cluding expressions of lower degrees as constituents, be regarded 
as segments of series of multiples which, according to our view, 
constitute monads of the next realm (see 30.00, 31.00). 

The process of raising a number to successive powers, or suc- 
cessive even powers, can be continued indefinitely and appear in. 
(25.36, ete.,) countless series and progressions. These series in- 
elude exponential and logarithmic series, which help, for in- 
stance, in the consideration of real numbers.*? For us, (25.36321, 
26.36321, etc.) the ‘‘convergence’’ of an abstractive set is to be 
treated innotatively, as is really indicated by Whitehead’s state- 

® For triploidy, see C. D. Darlington, Nature, 124, 1929, pp. 62f/. 

10R, D. Carmichael, Diophantine Analysis, 1915, p. 85. 

licf. J. W. Young, Lectwres on the Fundamental Concepts of Algebra 
and Geometry, pp. 118f. 
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ment that such a series converges to ‘‘a definite intrinsic char- 
acter of ideal simplicity to be found as a limit among natural 
facts’’;+? or, again, to ‘‘nothing.’’** This means essentially 
that the actual abstraction is somewhere suspended, and that 
the content of the set from that point on is not terms like those 
up to that point, but relationships and possibilities. 

(‘£29.00’’). As in the ease of the logical, so in the numerical 
realm, no limit can be assigned to the process of successive in- 
tegrations, and any decimal number assigned is merely arbitrary. 
With certain assumptions concerning a process which, according 
to our view, is left enotative or innotative, the system of rational 
numbers, where the sum, difference, product, and quotient of 
every two numbers, excluding division by zero, are members of 
the system, is called a Zahlkorper,* or number realm.” Selec- 
tions within such a realm, which may be regarded as differen- 
tiations, afford series or groups of numbers distinguished in 
higher arithmetic. By suitable extensions other realms, in 
this sense of the word—e.g., those of imaginary numbers **— 
may be discerned. The word ‘‘realm’’ here, varying in its 
range of significance, is in this respect comparable to the word 
‘‘universe’’ in what we call the cosmogonic realm, and to ‘‘uni- 
verse of discourse’’ in the logical realm. 


This is as appropriate as any other definite level for the considera- 
tion of the so-called infinite or transfinite numbers, aggregates 
(Mengen), ete. Some of these have been mentioned above, in connec- 
tion with series of numbers (see 23.36322); here we consider them as 
monads. The whole subject is filled with such paradoxes and con- 
tradictions as may be expected when an attempt is made to treat 
enotative and innotative objects as if they were connotative or deno- 
tative.17 Thus (29.10) individuation may in some respects be (29.11) 
relative—if not (29.112) to units of a lower order, which an infinite 


12 A, N. Whitehead, Concept of Nature, p. 84; cf. Principles of Natural 
Knowledge, p. 121. 

13 A. N. Whitehead, Concept of Nature, p. 80. 

14R. Dedekind, Essays on the Theory of Numbers, p. 5. 

15. W. Reid, The Elements of the Theory of Algebraic Numbers, 1910, 
pp. vi, 3. 

16 cf. ibid., Chaps. 5-8. 

17 See E. W. Hobson, Theory of Functions of a Real Variable, Chap. 
3; cf. the radical revision of transfinite arithmetic advocated by the 
intuitionists with their principle of constructibility, as discussed by A. 
Fraenkel, Hinleitung in die Mengenlehre, pp. 22277. Brouwer and Weyl are 
criticized by M. R. Cohen in Reason and Nature, pp. 1907. 
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number, since it can not be increased by them,!® might be said to com- 
prise or include, then at least (29.113, 29.114) to some other infinite 
numbers. Since such numbers are formed by differentiation—e.g., 
“thinning out” 1°—as well as integration, or at least aggregation, 
their individuation is (29.12) convergent, and they (29.13) exist in 
various degrees of complexity. They exhibit (29.20) interactions, but 
their (29.211) additions are peculiar ?° and their (29.2203) subtrac- 
tions indefinite.24 As for (29.252) equivalence, it is often ambiguous, 
and a curious correspondence is alleged to obtain between an infinite 
number and its (29.2533) proper parts.?? As (29.252) a result of in- 
teractions, an infinite number may be (29.27) increased by another 
infinite number, but the addition is often (29.2123) non-incorporative, 
and the result more like (29.42) an aggregate.?* An infinite series may 
be subject to (29.32) a “cut” (see 23.36321), although processes of 
division are indefinite.2! Several (29.253) classes of infinite numbers 
are known; some of these appear in connection with important (29.36) 
serial properties and (29.37) the doctrine of types, for convenience 
mentioned above (see 23.36, 23.37). The (29.43) multiplications 7? of 
infinite numbers may give rise to an indefinite number of new orders 
of infinite numbers, in which paradox is piled upon paradox. 


18 ¢f, B. Russell, Introduction to Mathematical Philosophy, p. 79. 

19 ibid., p. 92. 

20 ibid., p. 86. 

21ibid., p. 87. 

22 cf. R. Dedekind, op. cit., p. 63. 

23 ef. G. Cantor, Contributions to the... Theory of Transfinite Num- 
bers, transl. P. E. B. Jourdain, 1915, pp. 1197f. 
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PART SIX: THE GEOMETRIC-KINEMATICAL REALM 


“ When we analyze the highly refined concept of space used by 
mathematicians, we find it to be quite similar to the concept of number.” 


G. N. Lewis, The Anatomy of Science, 1926, p. 29. 
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CHAPTER XXX 


GENERAL CONSIDERATIONS CONCERNING THE GEOMETRIC-KINE- 
MATICAL REALM: Its Intr1Au Levent IDENTIFIED AS SERIES OF 
(MuLTIPLES of) NUMBERS 


“ Ceterum quanto sit necessitatis pariter et utilitatis haee Serierum 
contemplatio, ei sane ignotum esse non poterit, qui perspectum habuerit, 
elusmodo Series sacram quasi esse anchoram, ad quam in maxime 
arduis et desperatae solutionis Problematibus, ubi omnes aliae humani 
ingenli vires naufragium passae velut ultimi remedii loco confugiendum 
est.” 


Jacobus Bernoulli, Positiones Arithmeticae de Seriebus 
Infinitiis. . . . (Opera, 1744, Vol. 1), preface. 


General Considerations Concerning the Geometric-Kinematical 
Realm 


(30.00). The realm which we now consider is (1) held to be 
that of geometry-kinematics, as treated in a geometry or ‘‘science 
of dimensional order,’’? developed to include figures and their 
relationships in space and time. The term ‘‘geometric-kinemati- 
cal’’ is adopted in order to suggest that the figures are con- 
ceived as in interactions, of which motion is typical. The term 
‘‘kinematical’’ is used, since it suggests consideration of motions 
independently of their causes, and no cause is assigned for the 
motions of geometrical figures beyond the fact that as subsistents 
they typically exhibit the monadic characteristic of interaction. 
The term ‘‘geometric-kinematical’’ is adopted in preference to 
Broad’s ‘‘geo-chronometry,’’? or Russell’s ‘‘chrono-geogra- 
phy,’’* since both these may be used to emphasize somewhat 
less abstract relationships in space-time, which to us are too 
much involved in the cosmogonie. 

So far as (2) geometry is concerned, our treatment is that of 
a ‘‘pure’’ science, rather than any science applied or exempli- 
fied in cosmogonie figures or structures. Figures in space-time 
are not all this realm includes, as living organisms are not all 

1A. N. Whitehead, Introduction to Mathematics, p. 243. 


2C. D. Broad, Scientific Thought, p. 457. 
8B. Russell, Philosophy, p. 283. 
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that the biotic realm includes, and nervous structures are not all 
that the neuropsychological includes. It will be part of our 
task as we proceed to indicate the relationships of descriptive 
geometry, which begins with an asymmetrical relation, as in a 
line with sense (see 33.2112); projective geometry, which be- 
gins with a whole straight line, where any two points determine 
a class of points, which is also determined by any two other 
members of the class *—1.e., involves the intersectional prop- 
erties of points, lines, planes, ete. (see 34.263) ; and metrical 
geometry, which adds the relation of distance® (see 33.2422). 
Provision must also be made for Euclidean metrical geometry,’ 
characterized by rigid movements or displacements (see 33.2422, 
33.36) ; for a system like that of Lobatchevski, based upon non- 
Euclidean postulates (see 33.231891, 33.231393, 33.382113) ; and 
for the analytical measurements and correlations in Cartesian 
and other coordinate geometries (see 33.263, 35.2532), including 
the generalized system of Gauss ® (see 36.2532). Some indica- 
tion must also be afforded of the possibilities of the assimilation 
of time into geometry ® (see 33.25321, 35.2532), and of the very 
remote generalizations concerning elliptical, parabolic, and 
hyperbolic geometries *° (see 35.2534). 

We are proposing a treatment of geometry in terms of differ- 
ences of ‘‘level’’ and the monadic characteristics, according to 
the hypothesis of epitomization and in parallelism with levels 
and monads of other realms, rather than in postulates and 
theorems. Our treatment will lack the rigorous deductions of 
the usual mathematical discussion, but on the other hand the 
usual rigorous deductions will seem by comparison rather arbi- 
trarily limited to some of the more simple and regular figures, 
and to only a few of the possible relationships between them. 
The two modes of treatment might be brought into contact if it 
were shown that the monadic characteristics themselves form an 

4B. Russell, Principles of Mathematics, p. 382. 

5 J. W. Young, Lectures on Fundamental Concepts of Algebra and Ge 
ometry, p. 135. 

6B. Russell, Principles of Mathematics, p. 382. 

7J. W. Young, op. cit., p. 135. 

8 See O. Veblen, ‘‘The Foundations of Geometry’’ and F. 8. Woods, 
‘¢Non-Euclidean Geometry,’’ in J. W. A. Young, ed., Monographs on... 
Modern Mathematics, 1911, pp. 43, 94, 100, 106; A. Einstein, Relativity, 
the Special and the General Theory, p. 107. 

9cf. A. N. Whitehead, The Principle of Relativity, p. 9. 

10 cf, A. N. Whitehead, The Concept of Nature, p. 95. 
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elaborate postulate set, from which postulates, or axioms, and 
theorems, for example those of Hilbert, may be selected, but 
detailed discussion of this point would be too long. 

A most important consideration is that of (3) possible transi- 
tions to the geometric-kinematical realm from the prior numeri- 
eal realm. We noted that there might be some indications of 
the rise of the geometric-kinematical monads within the realm 
of number (see 24.2554, 25.2534). If our interpretation is open 
to criticism, the same may be said of any theories of transitions 
between realms—for example, that of mechanistic biology. 

In the first place, a transition between the numerical and the 
gveometric-kinematical realms is not quite so impossible as it 
sometimes appears. Whitehead has remarked that owing to the 
Greek mode of representing numbers by patterns of dots the 
notions of number and of geometrical configuration are for the 
Greeks less widely separated than with us.?? Russell says that 
all the problems of infinity and continuity presented by space 
and time are already present in pure arithmetic, but that if the 
application of numbers to space is to yield anything but tau- 
tologies, the numbers applied must be independently defined ; 7° 
this we should take to be construable in terms of differences of 
level, if not of realm. 

Another possible transition appears when dimensionality is 
viewed as a property of order in a class,}* and when it is seen 
that complex numbers are not purely arithmetical, but involve 
essential reference to a plurality of dimensions, and, further, 
that geometry deals with series of more than one dimension.*® 
Whitehead says that practically all the existence theorems of 
geometry are derived from developments of the theory of num- 
ber—of integral, rational, real, and complex numbers.** Prob- 
ably also one should not overlook the fact that a progression 
made up of products of successive multiplications may be called 
a ‘‘geometrical progression.’’ 

According to Whitehead, again, geometry in the widest sense 

11D. Hilbert, The Foundations of Geometry, transl. E. J. Towsend, 
1902, pp. 4/7. 

12 A, N. Whitehead, Science and the Modern World, 1926, p. 42. 


13 B. Russell, Principles of Mathematics, pp. 259, 278. 

i4 J, W. Young, op. cit., p. 170. cf. E. V. Huntington, The Continuum, 
pp. 587. 

15 B. Russell, Principles of Mathematics, pp. 372, 380. 

16 A, N. Whitehead, The Axioms of Projective Geometry, 1913, p. 4. 
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in which it is used by modern mathematicians is a development 
of what in a certain sense may be ealled the general science of 
classification. Given any class of entities K, the sub-classes of 
K form new classes of classes, and the science of classification 
is the study of sets of classes selected from this new class so as 
to possess certain assigned properties. Geometry is the science 
of cross-classification; the fundamental class K is the class of 
points; a selected set of sub-classes of K is the class of (straight) 
lines. The system of geometry is richer in intrinsic mathe- 
matical properties than the hierarchy of classes essential to the 
general theory of cardinal numbers." It would appear to us 
that while the fundamental class is here taken to be the class 
of points, the general principle of cross-classification might here 
be regarded as the essential, and might, as we shall see later (at 
31.43), yield a class of points as a new sub-class arising within 
a more fundamental class, just as integrates appear in the midst 
of aggregates. The increased richness of the geometrical system 
certainly reminds one of ‘‘emergent qualities.’’ 

Once more, J. W. Young maintains that from the formal ab- 
stract point of view, the content of ordinary real algebra and 
ordinary metric Euclidean geometry coincide absolutely. It is. 
possible to represent points of space by sets of three coordinates. 
It is therefore possible, starting with the set of assumptions 
characterizing the algebra of real numbers, to define a system 
of things which is abstractly equivalent to metric Euclidean 
geometry. We merely define a point to be such a set of three 
real numbers x, y, 2, and consider the class of all points, 7.e., in 
three-dimensional space, as consisting of all such sets. The 
whole content of metric Euclidean geometry of three dimensions, 
or any number of dimensions, is contained among the implica- 
tions of the set of assumptions defining the algebra of real 
numbers. Algebra and geometry are seen to be abstractly iden- 
tical in the sense that either includes the other; their difference 
consists merely in the arrangement of their propositions in a 
logical sequence.'* It appears to us that such formal abstract 
equivalence, while abstractly possible, like any other reductional 
view, is likely to mask differences of level or realm. Numerical 
structures and processes may give rise to geometrical structures 
and processes and be persistent in them, without being altogether 
identical with them. 

17 ibid., pp. 4f. 

18 J. W. Young, op. cit., pp. 181-3. 
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The view that the entities of geometry-kinematics are made 
up of numbers is suggested by Russell’s statement that any 
geometry, Euclidean or non-Euclidean, in which every point 
has coordinates which are real numbers can be interpreted as 
applying to a system of sets of real numbers—that is, a point 
can be taken to be the series of its coordinates. Russell says 
this interpretation is legitimate and convenient when we are 
studying geometry as a branch of pure mathematics.1® These 
numbers, properly speaking, are ordinals, but an ordinal number 
indicates a number of serial numbers which are at least multiples 
of 1. 

And if there is still difficulty in passing from numbers to 
geometrical structures, we may have recourse to a concept like 
that of emergence, and say that, while at present we do not know 
how to account fully for the emergence,?° we may regard it as 
being as well authenticated as life is with respect to matter or 
mind is with respect to life. There may be some question as to 
whether a process of emergence can take place in a realm prior 
to space and time, but even if the realm is beyond the range of 
Space and time, it is not beyond the range of more general types 
of order, in which space and time represent subsequent develop- 
ments. 

For reasons which must appear gradually in connection with 
our general argument, we shall be concerned with the further 
development of the hypothesis that terms may be generalized 
in classes, classes of classes, integral numbers, integral multiples 
of such numbers—if of no other numbers, certainly of the num- 
ber 1—and series of such multiples, and that from such series of 
multiples (see 31.48) are derived the more familiar geometrical 
monads. 


Imitial Level of the Geometric-Kinematical Realm Identified as 
Series of (Multiples of) Numbers 


(31.00). <A series of multiples of a number exhibits proper- 
ties which make us regard it, not quite as a point-instant, but 
as a monad of the initial level of the geometric-kinematical 
realm. Our argument involves consideration of Whitehead’s 
method of extensive abstraction, especially as interpreted by 
Broad. 


19 B, Russell, Analysis of Matter, p. 5. 
20 On the general theory of emergence, see C. Lloyd Morgan, Emergent 
Evolution, pp. 97ff. 
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Whitehead’s goal is a conception of primary entities suited 
to the newer developments in mathematical physics, and thus 
capable of serving as elements in the interpretation of nature. 
He starts from the world as known perceptually, and tries to 
make explicit our perception of the apparent.”1. The most con- 
crete fact capable of separate discrimination he calls an event ; 7? 
but events are defined in several other ways.?* To get at the 
elements of these more or less concrete events, they must be 
analyzed, without assigning them a ‘‘simple location,’’** with 
its ultimate determination that of the ordinary geometrical 
point in space. For the new physics, however, events are not 
properly specified by points, since points considered in the usual 
way as limits of volumes are neither observed nor precisely 
specifiable.2° The spatial and temporal relations of events are, 
rather, in the main reducible to the property whereby every 
event extends over other events which are parts of itself, and 
is extended over by other events of which it is part.?® To 
analyze such events into their elements, ‘‘routes of approxima- 
tion’’ are required, and the eritical employment of these con- 
stitutes a method of extensive abstraction.?" The parts of an 
event are the set of events (excluding itself) which a given 
event extends over; the ideally simple event is an instantaneous 
point, 2.¢e., a point of instantaneous space, or an event-particle.”® 
An event-particle is an abstractive element; *° an abstractive 
element is a group of routes of approximation to a definite 
intrinsic character of ideal simplicity to be found as a limit 
among natural facts.°° Moreover, as an abstractive element, an 
event-particle is also a group of abstractive sets; an abstractive 
set is effectively the entity meant when we consider an instant 


21 A. N. Whitehead, Organisation of Thought, pp. 136f. 

22 A. N. Whitehead, The Concept of Nature, 1920, p. 189. 

23 See, e.g., A. N. Whitehead, ... Principles of Natural Knowledge, p. 
74; Concept of Nature, pp. 52, 124; Science and the Modern World, 1926, 
pp. 108, 174; A. E. Murphy, Phil. Rev., 37, 1928, pp. 5747. 

24 A, N. Whitehead, Science and the Modern World, pp. 72ff. 

25 cf. C. D. Broad, Scientific Thought, pp. 38ff. 

26 A. N. Whitehead, Principles of Natural Knowledge, pp. 4, 61. In 
Process and Reality, pp. 4387f., the primary relationship of physical occa- 
sions is ‘‘extensive connection.’’ 

27 A. N. Whitehead, Principles of Natural Knowledge, p. 104. 

28 A, N. Whitehead, ibid., pp. 33, 77, 122; cf. Process and Reality, p. 440. 

29 A. N. Whitehead, Concept of Nature, p. 86. 

80 tbid., p. 84. 
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of time without temporal extension. This gives a definite mean- 
ing to the concept of the properties of nature at an instant; it 
converges to the ideal of all nature with no temporal extension.*4 
An abstractive set can also be defined in terms of regions and a 
relationship of inclusion.*? 

Some other features of Whitehead’s elaborate analysis will 
be noticed presently, after we consider some criticisms of this 
method. In the first place, it is, for us, too much involved in 
psychology and epistemology. Passing over this point, it ap- 
pears secondly, that the method sometimes virtually recognizes 
the principle of implicit duality with innotative and enotative 
references (see Chapter I, 3, above), and sometimes falls into 
the difficulties which follow failure to recognize it. On the 
one hand, in his psychology and epistemology, Whitehead holds 
that perception is perception of a discerned complex within a 
background.** Again, if anything is out of relation, all we can 
do is admit ignorance with reference to it.** In his method of 
extensive abstraction, he seems to treat an abstractive set eno- 
tatively when he says that so far as the abstractive set of events 
is concerned, an abstractive set converges to nothing. There 
is no absolute minimum of any sort which is finally reached. 
The set is just itself, and indicates nothing else in the way of 
events except itself. We can make an approximation to an 
ideal simplicity of natural relations, which as estimated nu- 
merically is as close as we like, by considering an event which 
is far enough down the series, though this simplicity is not the 
character of any definite event in the set. It is the infinite series 
which is important.**> On the other hand, he says that the 
method of extensive abstraction, like the differential calculus, 
converts a process of approximation into an instrument of exact 
thought, and that the elements of his routes of approximation 
are the exactly determined concepts on which the whole fabric 
of science rests; ** yet, in another passage, ‘‘exactness is an 
ideal of thought, and is only realized in experience by the selec- 
tion of a route of approximation,’’ and when an abstractive set 

81 ibid., pp. 61, 86. 

82 A, N. Whitehead, Process and Reality, pp. 454f. 

88 A, N. Whitehead, Principles of Natural Knowledge, p. 68. 

34 A, N. Whitehead, Science and the Modern World, p. 38. 

35 A, N. Whitehead, Concept of Nature, pp. 80f.; Process and Reality, 

. 454f. 
age A. S Whitehead, Principles of Natural Knowledge, p. 76. 
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is taken ‘‘the ideal is, in fact, the ideal of a non-entity.’’ 37 
Another example of a contradiction caused by failure to leave 
a negative purely enotative is seen in the statement that ‘‘we 
finally reach the ideal of an event so restricted in its extension 
as to be without extension in space and extension in time. Such 
an event is an event-particle.’’ ** 

A similar difficulty appears in his treatment of the covering 
relationship and its consequences. He says that an abstractive 
set a covers an abstractive set 8, when every member of the 
former includes some members of the latter. Two abstractive 
sets are equivalent when each set covers the other; thus if A, 
be any member of a, there is some member of 8, say B, which 
is included in A,, and some member of a, say A., which is in- 
cluded in B,; also, there is some member of B, say B,, which is 
included in A., ‘‘and so on indefinitely.’’°® But the ‘‘indefi- 
nitely,’’ after all, leaves the lower end of the infinite series enota- 
tive, or innotative. Whitehead himself says that in so far as the 
two sets are diverse, there will be relationships and characteris- 
tics in respect to which the two sets are not equivalent.*® So it 
appears that a geometrical element, which is a complete group of 
abstractive sets equivalent to each other and not equivalent to any 
abstractive set outside the group, is not precisely specified. 
We shall return to this consideration later (see 31.43). 

It appears to us that this indefiniteness as to how far down 
a series one shall begin or continue tracing such relationships 
is responsible for the statement that events are members of 
abstractive sets,*® while event-particles, the ideal minimum lim- 
its of events,*! are, as we saw, groups of abstractive sets. There 
seems to be a similar difficulty in the definition of a point as a 
geometrical element which has no geometrical element incident 
in it;* one might say the only point is that one must begin ‘‘far 
enough down’’ the series. The question for us is whether series 
of multiples of numbers, taken as abstractive sets and as monads, 
ean specify a point more adequately. 

This line of investigation is developed at least a step further 
in Broad’s exposition of Whithead’s method. Broad says that 


37 A. N. Whitehead, Concept of Nature, pp. 59ff. 

38 ibid., p. 172. 

39 A, N. Whitehead, Process and Reality, pp. 454ff. 

40 A, N. Whitehead, Concept of Nature, pp. 85, 161. 
41 A, N. Whitehead, Process and Reality, p. 456. 
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if we can define points in such a way as will make them fulfil 
two conditions, it will not matter if points in themselves should 
turn out to be entities of a very different kind than we may 
have supposed. The two conditions are that (1) points shall 
have the kind of relations which geometry demands, and (2) 
points must have to finite areas and volumes such a relation that 
a reasonable sense can be given to the statement that such areas 
and volumes can be exhaustively analyzed into sets of points. 
We ordinarily think of points as internally simple; but none 
of the uses to which we put a point in geometry or physics de- 
pends on this supposed internal simplicity ; anything which will 
do the work of a point will be a point, no matter what its in- 
ternal structure may be.*? 

This difference between the external and the internal charac- 
teristics of points is recognized also by Russell, who says that 
the mathematician does not need to concern himself with the 
particular being or intrinsic nature of his points; there is no 
empirical evidence as to what a point is to be. It has to be 
something which as nearly as possible satisfies our axioms, but 
it does not have to be ‘‘very small,’’ or ‘‘ without parts.’? What 
matters in mathematics, and to a great extent in physical science, 
is not the intrinsic nature of our terms, but the logical nature 
of their interrelations.**? The same latitude of construction is 
noticeable in other work of Whitehead,** and in Veblen.*° 

Broad defines a point as the logical sum of classes of series 
of volumes. He holds that thereby he determines a logical 
function which will do the work of a point, and which therefore 
for geometry will be a point, no matter what its internal struc- 
ture may be.*? But so far as one can see, the logical addition, 
like Whitehead’s equivalence of abstractive sets, does not indi- 
cate a termination of any series or class of series. Furthermore, 
the notion of enclosure here implies spatial relationships, and the 
question is whether spatial relationships are essential to a defini- 
tion of a point. They may be regarded as unessential, either 
because space and time are taken, as by Whitehead, as relations 


420, D. Broad, Scientific Thought, pp. 397f., 51. According to Lewis 
(Survey, p. 367), the order of Royce’s system 2 was shown to possess 
all the fundamental properties of geometric sets of points. 

43 B. Russell, Introduction to Mathematical Philosophy, p. 59. 

44 A, N. Whitehead, Axioms of Projective Geometry, p. 2. 

450. Veblen, ‘‘The Foundations of Geometry’’ in J. W. A. Young, ed., 
Monographs on... Modern Mathematics, p. 4. 
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between events,*® and not as a receptacle in which events take 
place, or else because what is truly important is said, as by 
Russell, to be the logical nature of the interrelations of our 
terms.*7 Whitehead implies that there may be extensive con- 
nection other than that of the two-dimensional, spatial exten- 
siveness of his diagrams.** Moreover, the procedures of both 
Whitehead and Broad are analytical and, in a sense, reductive; 
each is arguing from a more complex realm or level in the 
direction of a simpler. 

If we take these last considerations together, we may consider 
the possibility of reversing Broad’s reductive procedure and of 
looking for a series of terms in transitive relationships of logical 
inclusion, which may come to exhibit the spatial properties of 
series of volumes and ‘‘do the work of a point.’’ Several steps 
are necessary before such an argument can be completed; we 
may begin by noting that Huntington has worked out a set of 
postulates for abstract geometry, expressed in terms of the 
relationship of inclusion, which he leaves undefined.*® A transi- 
tive relationship of non-spatial inclusion may be found in a 
series of multiples of a number. It appears that such a series 
could be chosen, having the relationships essential to White- 
head’s diagrams, and constituting an abstractive set. It is not 
clear that series of multiples of a number could be precisely 
specified, or be quite definite enough to do the work of a point; 
the same old difficulty about enotative reference remains (see 
31.43). But our view is that a series of multiples of a number 
is an initial monad of the new realm, not yet in all respects 
doing the work of a point, but possessing at least the essential 
transitive relationship of inclusion. Such a series of multiples 
of a number is not a geometrical figure, just as an organic 
compound is not a living organism. The series of cardinal num- 
bers ig an example, since these are multiples of 1. The rela- 
tionship of multiples provides the necessary inclusion of earlier 
in later members of the series, but any series of cardinal or real 
numbers, if it exhibits such transitive relationships of inclusion, 

46 A, N. Whitehead, Principles of Natural Knowledge, p. 26; Concept 
of Nature, pp. 21, 24. 

47 B, Russell, Introduction to Mathematical Philosophy, p. 59. 

48 cf, A. N. Whitehead, Process and Reality, pp. 441, 450. 

49K. V. Huntington, ‘‘A Set of Postulates for Abstract Geometry, Ex- 


pressed in Terms of the Simple Relation of Inclusion,’’ Math. Ann., 73, 
1913, p. 523. 
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might be one of these monads. Russell says that all possible 
triads of real numbers, arranged in their natural order, form 
the points of a tri-dimensional space.°° 

(31.10). The individuation of such a series must be regarded 
as merely (31.11) relative. It is more nearly impossible to fix 
its limits than to fix those of light-wave; but within the range 
of this broad statement, as in the case of a light-wave or an 
electron with its field, the monadic interactions provide (31.14) 
restrictions, since they occur within certain more or less defi- 
nite segments within such series. In connection with later 
monads, certain (31.1131) dyadic relationships appear; some 
series, we might say, are intersecting, others are intersected (see 
31.431). Processes of integration from numbers, taken along 
with the reductive theories of Whitehead and Broad, make it 
plausible to say that (81.12) the individuation of such a series 
or segment is convergent. Ascription of intensional properties 
to numbers, as well as ranges of possible factors or exponents, 
afford a basis of (81.13) various degrees of complexity of 
organization. 

(31.20). Such series or segments may be regarded as selec- 
tively (31.21) appropriating and (31.22) rejecting numbers and 
other elements and as (31.23) combining appropriations and 
rejections, especially when (31.28126) substitutions are made. 
In the series or segments, (81.24) constituent members persist 
in characteristic interactions, especially those typical of classes. 
The results of interactions, as above, are (31.252) enregistered 
in the structure of the series, making them, for example, longer 
or shorter. Broad says that definition of rational numbers in 
terms of series assigns them (31.2532) a complex internal struc- 
ture. The law of the formation of a progression is a way of 
stating a principle of (31.26) regulation, as a series or segment, 
becoming longer or shorter, exhibits (31.27) augmentation or 
depletion, sometimes with reference to a (31.271) limit. 

(31.30). There should be no difficulty in postulating either 
(31.381) repeated production or (31.32) divisions in such series 
—particularly the latter, if the Dedekind cut (see 23.36321) 
or any other cut represents any process characteristic of the 
subsistent. Series or segments exhibit (31.35) resemblances and 


50 B, Russell, preface to J. G. P. Nicod, Foundations of Geometry and 
Induction, 1930, p. 8. 
51 ©. D. Broad, op. cit., p. 43. 
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differences; may themselves be (31.36) arranged in series; and 
exhibit complicated (81.37) periodicities. Members of a series 
may pass by (31.3803) transference to other series, which in 
general will exhibit relationships parallel to those of heredity. 

(31.41). The disintegration of such series or segments is of 
interest in the case where a series by (31.413) breaking down 
into numbers taken ‘‘severally,’’ breaks down into monads of 
a prior realm. The (31.42) aggregation of series introduces no 
new principle. 

(31.48). Concerning integrations to form monads of a new 
level, we find that some general considerations with reference 
to transitions from numerical to geometrical entities (see 
30.00, (3)) are in place, although our treatment must concern 
some details of the problem. 

We may first recall that in the five other realms which we 
have considered it is difficult to distinguish monads of the 
second level from monads of the first, and even in some respects 
doubtful whether the entities considered at the second level are 
monads. Perhaps, by way of parallelism, there is no clearly 
detectable second level here—in other words, no points other 
than series of numbers, or segments of such series. If so, what 
has been said of such series and segments includes points as a 
special case. 

On the other hand, there are some indications that a series 
is properly indeterminate, and that a segment of a series is 
itself the result of a new process. Where there is a manipula- 
tor or investigator to make the ‘‘ecut,’’ segmentation is taken 
as a matter of course and its significance is obscured. But in a 
subsistent realm, we must suppose that there is no manipulator 
to make the cut and that the only way it can be made is by 
some purely numerical or logical process. The process must 
be such as in some manner to specify a particular segment of 
a series. Such a particular segment, we may suppose, will be 
definite and have a beginning and an end, although these will 
be subject to constant changes by interactions of the segment. 
But the only way in which, at this level, the beginning or ending 
of a segment can be specified will be by some member of the 
series, perhaps distinguished by being also a member of one or 
more other series here intersecting the first. Or, a particular 
segment of the first series may be viewed as the range of coin- 
cidence of the first series and another series, throughout which 
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range the constituent classes in one-one correspondence have 
simply amalgamated in a more inclusive, wider ‘‘one-one-one- 
one’’ correspondence without affecting the numerical value of 
the numbers. Or, series of multiples of two equal numbers 
may be taken, one in ascending and the other in descending 
order. In any of these ways, a segment of a series may be 
specified with numerical precision, sufficient for a relatively 
individuated monad of the next level. <A relationship of equi- 
valence, strictly speaking, can obtain only as regards such a 
precisely specified segment of a series, 7.e., such a segment of an 
abstractive set. A geometrical element is a group of abstrac- 
tive sets, but they are not equivalent outside the specified seg- 
ment, and they are grouped to exhibit the segment. In other 
words, a point is to be specified not by the properties of members 
of one or more abstractive sets, the range of which is left indefi- 
nite and enotative, but by a coincidence of members of two 
series or segments of such series.°*? The new monad may thus 
be defined, not with the aid of logical addition, as by Broad,* 
but with the aid of logical multiplication; it is what at least two 
series have in common. Again, it is not an entity specified with 
reference to a supposed limit, or at least not solely that; it is 
specified rather with reference to an imposed limitation—a 
limitation, that is, imposed by another series. The intersection 
of (31.481) two series or segments recalls the dyadic relationship 
(see 31.1311). 

We assume that in this way not only points are produced, but 
other monads, cognate with points, which may be called instants 
or positions. Their relationships will be discussed later (see 
32.1131, 32.114). Much that is said of points can be said of 
instants or positions, just as much that is said of electrons can 
be said of protons or hydrogen nuclei. 

(31.44). Constituent numbers, as well as series of numbers, 
are not ordinarily discerned in a point, but might be regarded 
as left innotative when a point is taken to be the series of its 
coordinates °° (see 30.00 (3) ). 


52 cf. B. Russell, Our Knowledge of the External World, 1928, p. 123; 
but Russell’s enclosure series seem to be open to the same criticism as 
Whitehead’s abstractive sets. 

53 B, Russell, Analysis of Matter, p. 5. 
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PoINts AND INSTANTS 


“ Before the theories of space and time have been carried to a satis- 
factory conclusion on the relational basis, a long and careful scrutiny 
of the definitions of points of space and instants of time will have to 
be undertaken, and many ways of effecting these definitions will have 
to be tried and compared.” 


A. N. Whitehead, The Organisation of Thought, 1917, p. 195. 


(32.00). In a number of the older geometries, points were 
regarded as undefinable.t Veblen says that at the beginning of 
a book on geometry at least one term must be undefined, other- 
wise the book would have no beginning; he leaves as undefined 
the term ‘‘point’’ and a relation of order.? In the preceding 
chapter we have called a point the coincidence or intersection 
of series of multiples of numbers. These points, “‘pure and 
simple’’ as they are at this level and realm, should be distin- 
guished from points found under other and later conditions. 
For example, Minkowski’s world-points, as systems of values of 
x, y, 2, and t,? involve coordinate axes. Russell’s points, as 
complete groups of co-punctual events,* involve whatever events 
are meant. Whitehead’s ‘‘puncts’’ involve all nature at an in- 
stant,® and his points seem to involve even psychology and epist- 
emology.® All these latter theories show that the individuation 
of points is convergent (see 32.12), but the points with which we 
are here concerned are prior to the later levels and realms. The 
relationships of points, instants, and positions will be discussed 
presently (see 32.1131, 32.114). 

(32.10). Several difficulties connected with points may be 


1See B. Russell, Principles of Mathematics, p. 382. 

20. Veblen, in J. W. A. Young, ed., Monographs on ... Modern Mathe- 
matics, pp. 4, 5. 

3H. Minkowski, ‘‘Space and Time’’ in H. A. Lorentz and others, The 
Principle of Relativity, 1923, p. 76. 

4B. Russell, Analysis of Matter, p. 315. 

5cef. A. N. Whitehead, Concept of Nature, pp. 91f. 

6See A. N. Whitehead, ... Principles of Natural Knowledge, p. 89; 
Introduction to Mathematics, pp. 125f.; The Concept of Nature, pp. 106f. 
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lessened by noting that their individuation is (82.11) relative. 
Our theory of the integration of points provides for their indi- 
viduation relative to (32.111) the logical and numerical milieu, 
and to (32.112) prior monads of their own realm, e.g., segments 
of series of multiples not in coincidence or intersection. Most 
important is individuation relative to (32.1138) other points. 
The relationships of points and other points, including instants 
and positions and taken in connection with later geometric- 
kinematical levels, are, in bulk, or statistically, space and time. 
But this need not be identical with physical or perceptual space 
and time; theories of space and time often involve realms other 
than that which we are considering. For Whitehead, space and 
time are not receptacles, but relations between events.” For 
Eddington, space and time are only approximate conceptions 
which must ultimately give way to a more general conception of 
the ordering of events in nature, not expressible in terms of a 
fourfold coordinate system. These involve realms which are 
later. Alexander regards Space-Time as prior to what he ealls 
the level of matter, but according to our view there are two 
realms, the logical and the numerical, prior to that of which 
space-time is characteristic. 

It is difficult to envisage the relationships of cognate monads 
of this level in their primitive simplicity. Strictly speaking, co- 
ordinate axes and dimensions ought not to be presupposed ; they 
are lines, or are represented by lines, which are later develop- 
ments. Perhaps here they should be given purely numerical 
values. Russell says that, independent of metrical considera- 
tions, the events of the space-time manifold should have certain 
relations of order. Taking this as our clue, it appears that the 
most fundamental relationship between cognate monads at this 
level, as in other cases, is (32.1131) a dyadic relationship of 
priority of one monad compared with another, although it ap- 
pears most clearly (32.114) at later levels. Just as the dyadic 
relationship of units of electric charge appears most clearly in 
atoms and astronomical bodies, so the dyadic relationship of 
monads of this level appears most clearly in structures of larger 
numbers of dimensions in space and time. In this way a dif- 
ference of priority comes to involve a difference in space or time 

7A. N. Whitehead, Principles of Natural Knowledge, p. 26. 


8 See B. Russell, Analysis of Matter, p. 131. 
9 ibid., p. 303. 
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or both. Any later monad will have at least one spatial dimen- 
sion, but a point can not be either in motion or at rest in a 
given space without enduring in time; hence a relationship in 
time appears to be more fundamental, so that at this level the 
simplest dyadic relationship is that between two monads, one of 
which may be ealled an instant and the other a point. Relation- 
ships between points in various dimensions of space will be more 
characteristic of later levels, with larger numbers of spatial di- 
mensions. It is often held that the monad here is not a point 
nor an instant, but a ‘‘point-instant,’’ with the two components 
primarily and essentially inseparable. This theory, regarding 
the point-instant as a system of values of x, y, 2, and t, involves 
monads of later levels, characterized by coordinates, in which the 
point-instants appear as differentiations, and endows the point 
with inseparable time properties. There is no question that in 
such systems with four-dimensional coordinates there are point- 
instants, but it seems to us to parallel the fact that in an astro- 
nomical body there are atoms of hydrogen. In other words, the 
analysis is not carried far enough to arrive at the characteristics 
of monads of the level we are considering, where monads origi- 
nally without time or space begin to acquire them in relation- 
ships with one another. If one insists upon finding point-in- 
stants, rather than points at instants, at this level, they may be 
said to be the results of incorporative appropriations of instants 
by points, whereas points at instants represent non-incorpora- 
tive appropriations or rejections (see 32.2113, 32.2123). As 
Eddington says, it is hardly possible to think of a point in space- 
time without imagining some identifying occurrence.*° 

With regard to the notion of position, Whitehead says that 
a string of event-particles whose successive occupation means 
rest in the time-system which is fundamental for the observation 
forms a ‘‘timeless’’ point in the timeless space of that time-sys- 
tem.11 A time system is a sequence of non-intersecting moments 
including all nature forwards and backwards.’ Each time-sys- 
tem thus possesses its own permanent timeless space peculiar to 
it alone, and each such space is composed of timeless points 
which belong to that time-system and no other.** And occur- 
rences which are simultaneous for one time-system appear as 

10 A. §. Eddington, Space, Time, and Gravitation, p. 45. 

11 A. N. Whitehead, Concept of Nature, p. 192. 


12 A, N. Whitehead, Principle of Relativity, p. 69. 
13 A. N. Whitehead, Concept of Nature, p. 192. 
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spread out in three dimensions, because they function diversely 
for other time-systems. The extended space of one time-system 
is merely the expression of properties of other time-systems, and 
alternative time-systems afford explanations of the notion of 
position.** 

It appears to us that the relationships of points, instants, and 
positions can be interpreted without involving so many later 
levels and later realms. We should say that just as a proton is 
at one level a monad cognate to an electron, but also functions 
in monads of the next and later levels as the nucleus of an atom 
of hydrogen, so an instant is at this level cognate to a point, but 
also functions in monads of the next and later levels, where there 
are more spatial dimensions, as a position. In other words, an 
instant, taken in spatial relationships, is a position, and a posi- 
tion, taken in temporal relationships, is an instant. Under local 
conditions, particularly in later monads, there may be excess of 
either instants (positions) or points, affording differences of 
velocity, without affecting the fundamental dyadic relationship. 

(32.12). Our account of the origin of points from series of 
multiples of numbers in the preceding chapter, and the familiar 
analysis of cosmogonic events or of geometric-kinematical figures 
into their elements show that individuation is convergent. 

(32.13). The older views that a point is without parts and 
without magnitude, as well as the separation of space from time, 
obscured any possible degree of complexity of organization of 
these monads, but with newer views such differences become 
plausible. For instance, (32.131) simple points may differ in 
being made up of different multiples of a number, or multiples 
of different numbers; the (32.1311) simplest combination would 
seem to be that of two series each composed of the number 1 and 
its multiple 2, provided that these numbers were fixed by some 
principle like magnitude of divisibility (see 23.1311). Points, 
etc., may be (32.132) compounded; and the inclusion of instants 
along a point-track in a given time-system makes it easy to pic- 
ture (32.133) complex monads at this level. The anomalies of 
certain intersections or coincidences of points in space, for in- 
stance at the vertex of a sheaf of lines of equal length, may be 
understood by admitting that points may be complex in later 


14 A, N. Whitehead, Principle of Relativity, pp. 54, 69. 
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monads, although as commonly interpreted one point ean not 
include another.*® 

(82.14). The view that the individuation of a point is af- 
fected by its other monadic characteristics will now be developed 
in some detail. 

(32.20). The artificial abstractions of traditional geometry 
gave its figures an undue rigidity, while the motions of the fig- 
ures were traced to the intervention of the manipulator. These 
two tendencies together obscured any processes of interaction 
which might properly have been regarded as characteristic of 
this realm, but the recent restoration of kinematics to geometry 
has done something toward their recognition. We do not need 
to inquire how the interactions start; in a way, any problem of 
beginnings is enotative. No monad can subsist without some 
interactions, although the interaction may be of the type either 
of appropriation or rejection. Strictly speaking, it might be 
held that the interactions of a point can be only in time, and con- 
sist in endurance with regard to instants, but it is in aecord 
with interactions of monads at other geometrical levels if a point 
be allowed, so to speak, an extra dimension in which to operate. 
This is analogous to the fact that an atom interacting in free 
space acts like an astronomical body, 1.e., a monad of the next 
level. Alexander says that a point-instant is by its very nature 
a movement, not something statical.1® Selective interactions may 
be detected in the properties of constituent numbers, as well as 
in directions in space and durations in time. 

(32.21). It may be assumed that if points are made up of 
series of multiples of numbers, they (382.211) incorporatively 
appropriate (32.2111) elements from the numerical milieu, e.g., 
new multiples, or (32.2112) series of multiples of numbers. No 
account is ordinarily taken of such processes, but they are sug- 
gested by interpretations of a point as the series of its ecoordi- 
nates,‘7 when numerical values are assigned the latter. The in- 
corporative appropriation of (32.2113) cognate monads is eon- 
trary to the traditional notions of points as without magnitude, 
but may after all be required to explain coincidence as distin- 
guished from congruence. We noted that point-instants might 


15 For the latter interpretation, cf. A. N. Whitehead, Process and Reality, 
p. 456. 

16 §, Alexander, Space, Time, and Deity, Vol. 1, p. 272. 

17 cf. B. Russell, Analysis of Matter, p. 5. 
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be regarded as the results of such appropriation of instants. But 
it seems clearer in both cases to interpret appropriation as 
(32.2123) non-incorporative occupation, so that we have points 
at instants, or at positions. 

(32.22). Corresponding to appropriations, rejections may be 
attributed to points. In (32.220) general, rejection implies 
(32.2201) exclusion of a numerical and logical milieu which is 
left enotative. So far as each rejecting monad is primarily con- 
eerned, (32.2202) rejected monads, too, are left enotative. If 
we start with a ‘‘starting-point,’’ any rejection will ordinarily 
be (32.2203) secondary to appropriation. Where an appropria- 
tion such as the taking of a given position (82.2204) fails and the 
position and point can be subjected to measurement, we have a 
basis for the important relationship of interval.** Other general 
considerations are seen most clearly at the level of lines. (See 
33.2205, etc.). 

(32.23). Although any appropriations and rejections may be 
combined, only the (32.232) non-incorporative appropriations 
and rejections of (32.2323) points are significant. These in- 
clude combinations of (32.23231) similar appropriations, where 
one point persists in time, occupying many successive instants, 
or, if there are points of different complexities of organization, 
where one spreads over two or more positions in succession. 
There may even be combinations of (32.23232) similar rejec- 
tions, where a point in time is taken instantaneously, thus losing 
its time-track and becoming a point-instant. Or, a point of a 
given degree of complexity might cease to spread over two other 
points in succession. Combinations of (32.23233) similar ap- 
propriations and rejections are conceivable, although as usually 
considered time is irreversible. The irreversibility, if it ob- 
tains, is a condition of the cosmogonic realm, rather than that 
of pure geometry or kinematics.’® Combinations of (32.23234) 
different appropriations, (32.23235) different rejections, and 
(32.23236) different appropriations and rejections are hard to 
distinguish from the foregoing; it depends upon the criteria of 
similarity and difference, and criteria at this level are not 
abundant nor clear. It would seem, however, that points in 
different time-tracks or different directions in space might be re- 

18 cf. B. Russell, Philosophy, p. 110. 


t9 cf. G. N. Lewis, ‘‘Light Waves and Light Corpuscles,’’ Nature, 117, 
1926, p. 237. 


538 A WORLD OF EPITOMIZATIONS 


garded as ‘‘different’’ from one another, and that their various 
interactions might be included here. Combinations of certain re- 
peated appropriations and rejections constitute rest; but most 
important of all combinations are (32.23237) those where ap- 
propriation and rejection taken within a duration are alternate 
and progressive—that is, where a point p appropriates point 9,, 
rejects p,, appropriates p,, rejects p,, appropriates p, .. ., ete. 
This, if considered in time only, means a passage from one 
‘‘slab’’ of time or instant to another, with spatial relationships 
unaltered. But if the points, etc., are in space and within 
a given duration, this combination of appropriation and rejec- 
tion means ordinary motion. At this level, as the numbering 
indicates, motion is a combination of non-incorporative interac- 
tions with cognate monads, rather than with prior monads or a 
milieu. 

This is opposed to the older view of Russell, according to whom 
a point of space is a position, and can no more change its position 
than a leopard can change his spots. Russell says that the motion 
of a point of space is a phantom directly contradictory to the 
law of identity; it is the supposition that a given point can be 
now one point and now another. Hence motion in the ordinary 
sense is only possible to matter, and not to space.?° This seems 
to be met by consideration of the dyadic relationship, and by 
allowance for different instants and positions. If the appropria- 
tion of positions is non-incorporative, there is no need for the 
identity of a point to be sacrificed ; moreover, identity, like indi- 
viduation, is a relative term (see 13.2118). Another objection 
may be that there are no contiguous points, so that motion as 
described can not proceed. To this it may be replied that non- 
incorporative appropriation does not require actual contiguity ; 
an indirect or sometimes merely a possible contiguity is sufficient. 
If some of the points thus alternately appropriated and re- 
jected lie in space, while others lie in time, the combination means 
motion discontinuous at least within the given space—.e., 
motion with spatial ‘‘breaks.’’ If the time-points also are 
rejected, this means motion discontinuous as between time-sys- 
tems—z.e., belonging to discrete instants, or different time-sys- 
tems. The proportion between points in space and points in 
time, when referred to some distribution taken as even, affords 
differences of velocity ; if there is an excess of points in time over 
points in space, motion will be slower; if a defect, faster. 


20 B. Russell, Principles of Mathematics, p. 405. 
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(32.24). Persistent interactions of constituent monads are 
not important, except that if a point be taken to be the series of 
its coordinates,’’ the persistent interactions of constituent num- 
bers may be said to afford the basis for measurements. 

(32.25). Against the traditional views, which allowed a point 
no parts, we have indicated our general agreement with Broad, 
who says that a point has a complex internal logical structure.*! 
A monad which appears in space as a point or in time as an in- 
stant, according to the ‘‘point of view,’’ may serve as (32.251) 
a ‘‘starting-point’’ for further developments. The introduction 
of time at this level raises the question whether, in Bergsonian 
or pragmatic fashion, time may be virtually equivalent to that 
(32.252) functioning which promotes structuration. But the 
view that prior realms and levels exhibit such functioning indi- 
cates that time is not a primary characteristic of the world. 
Apparently both space and time, as familiar to us, are deter- 
mined by more fundamental processes.?2 The view that func- 
tioning promotes structuration is approximated in the state- 
ment that our partitionings of space-time make point-instants 
‘fall apart’’ into various points and instants. But this, while 
true enough, concerns monads of later levels. At this level the 
- interactions of one point with instants determine the point-track 
of the point and hence its structure. Modifications occur in the 
(32.2521) interacting point typically before they do in its 
(32.2528) point-track, or past. A corresponding statement may 
be made for points in space, but something there depends upon 
the different degrees of complexity of organization of a point, 
and thus upon considerations ordinarily left innotative. 

Another way of indicating that functioning promotes struc- 
turation might be found in a definition of a vector localized at a 
point, defined, according to Love, by its magnitude, direction, 
and sense, and also by a point and a rule of equivalence, the last- 
named being that two sets of vectors localized at the same point 
are equivalent if two sets of unlocalized vectors with the same 
magnitude, direction, and sense are equivalent.”* 

As regards (32.253) constituent monads, we agree with Broad 
that the point has a complex (32.2531) internal logical struc- 


210, D. Broad, Scientific Thought, p. 41. 

22 cf. A. S. Eddington, Space, Time, and Gravitation, p. 186; B. Russell, 
Analysis of Matter, p. 131. 

23 A, E. H. Love, Theoretical Mechanics, 1906, p. 18. 
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ture; 71 but we would add also a numerical structure, especially 
prominent in which are (32.2532) series of multiples of num- 
bers. Along the time-track of a point are an indefinite number 
of (32.2533) instants or positions. Whitehead says that a point 
in space is not a simple entity, but that if we keep the spatial 
coordinate constant and vary the time coordinate, all the event- 
particles determined are at the same point.”* Certainly at the 
level of cosmogonic structures the time-track is less accessible 
than the spatial structure, and the time-structure is usually 
omitted in any account of the differentiations of later monads. 
If different degrees of complexity of organization are allowed, 
a given point may be made up also of many points in space. 
Considered in space, the (32.254) gross differentiations might 
include (32.2541) central, (82.2542) intermediate, and (32.2543) 
peripheral regions; but some provision must be made here for 
structure in time and for differentiations along the point-track. 
Eddington thinks that when time is added, it is a fourth variable, 
not necessarily a fourth dimension, but that since the term ‘‘di- 
mension’’ is associated with order, time may be called a fourth 
dimension.”> If time is a dimension, then a one-dimensional en- 
tity is a point-track, and a line has two dimensions. There seems 
no reason why time-structure should necessarily be continuous. 
Perhaps discontinuity here is in later monads involved in the 
discontinuity of quanta. 

(32.255). There seems no clear specialization of function, 
unless it is the differentiation into points in space and instants 
in time. Alexander, maintaining that in every finite thing there 
is one element corresponding to body in ourselves and another 
corresponding to mind, thinks that at what he calls the level of 
Space-Time, the ‘‘mind’’ was Time itself. The relation of Time 
to Space is not absolutely identical with that of mind to its body, 
but it is analogous to it, and corresponds to it under the simpler 
conditions. Time which inspires Space and makes it a con- 
tinuum of motions, when it reaches in man the form of mind 
inspires knowing and freedom and value.” But so far as we can 
judge, there is no reason, either in the data of this realm or in 
our parallelisms, for calling time, even remotely and figuratively, 
the mind of space. For us, the relationships between mind and 

24 A, N. Whitehead, Concept of Nature, p. 176. 

25 A. 8. Eddington, Space, Time, and Gravitation, pp. 13f. cf. Nature 


of the Physical World, pp. 135f. 
26S. Alexander, op. cit., Vol. 2, pp. 38f., 334f. 
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body are summed up primarily as relationships between two 
realms, the neuropsychological and the biotic, whereas the rela- 
tionships between time and space are developed between differ- 
ent portions of the milieu of the monads of one realm, the 
geometric-kinematical, or possibly of later realms based upon this 
one. 

(32.26). If in a point there is (32.261) mutual or (32.262) 
referential regulation, it is usually left innotative, but something 
suggesting (32.263) external regulation seems to be involved in 
the ordinary theory of the ‘“‘locus’’ of a point. Among later 
monads, a non-co-planar line and a plane, or three planes, deter- 
mine a point.?? 

(32.27). If a point persists in a given time-system for the 
duration expressed in the length of a time-track, it may be said 
to grow in time or with the lapse of time. This is less general 
than Alexander’s view, according to which growth in time is 
continuous redistribution of instants of time among the points 
of space.** There would seem to be no ?? (32.271) limit to a 
process of growth in time; the process involves only persistence. 
But considerations of limits perhaps enter in regulating growth 
in space, although it would be hard to define them. If they 
are not involved in the definition of a point or instant, they enter 
in a persistent process in measurements of velocity, since the 
number expressing a velocity is the ratio of a number expressing 
a length to a number expressing an interval of time, and the 
velocity of a point moving in a straight line at any instant 
involves the limit of the average velocity.?® 

(32.30). We have already anticipated a plurality of points, 
of which no account has been given. There is a suggestion of 
(82.31) repeated production in Russell’s statement that one 
great advance from the point of view of correctness has been 
made by Peano and Fano in introducing points as they are 
required, and not starting, as was formerly done, by assuming 
the whole of space.*® If it is possible for a point to follow a 
track which loops through the time-dimension into space and 
then out again, it might have the appearance of a repeated 
production without really affording an example of this process. 


27Q. Veblen, in J. W. A. Young, ed., op. cit., p. 57. 

288. Alexander, op. cit., Vol. 1, p. 63. 

29A, E. H. Love, Theoretical Mechanics, 1906, pp. 15f., 19. 
80 B. Russell, Mysticism and Logic, 1918, p. 93. 
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Alexander says that only a point or an instant is repeated; a 
point-instant is not,*? but our “‘repeated production’’ requires 
only similarity, not identity of products. If a point ean be 
sufficiently complex, it may presumably (32.32) divide by a 
kind of fission. Whitehead says that an indivisible part will 
lack duration in time and extension in space and so will be 
different from a divisible part.*? But, according to Whitehead, 
a point-track in a time-system may for another time-system be 
a track of points in space, and, we should add, presumably be 
subject to division by any kind of eut. If there are any (82.34) 
persistent processes of reproduction among the constituents of 
a point, they are left innotative. The same may be said of 
(32.85) resemblances and differences of points, although differ- 
ences in time-tracks, 1.e., length of time during which points 
persist, might be considered from many ‘‘points of view,’’ 4.¢., 
from many time-systems or space-systems. Differences of dis- 
tance, intensity, etc., between points involve lines and processes 
of measurement. (See 33.2422, 33.36). 

(32.36). Serial arrangements of points in (32.3622) the 
order of magnitude may perhaps be traced in connection with 
later monads, when each point is regarded as the series of its 
coordinates.’ A series may be (32.3631) determinate or 
(32.3632) indeterminate; and if the latter, (32.36321) enota- 
tively, as in a series infinitely prolonged or (32.86322) innota- 
tively, as in a series with infinitesimal intervals. The latter case 
is valuable for its bearing on problems of continuity of points. 
Alexander traces this property to the instants; he holds that 
Since every point is connected with other instants continuously 
and in definite order and transitive relation, every point is 
related to the other points in three dimensions and is therefore 
voluminous.** But for us continuity of points, whether in time 
or space, is a matter of possibilities ** and relationships, rather 
than actuality, and is to be left innotative. 

There is no apparent reason why points in series should 
exhibit ?? (82.87) periodic properties, unless due to some prop- 
erties of their constituent numbers. The series of points in a 


81 §. Alexander, op. cit., Vol. 1, p. 50, n. 1. 

32 A, N. Whitehead, Organisation of Thought, p. 166. 

83 §. Alexander, op. cit., Vol. 1, p. 56. 

34 See A. N. Whitehead, ‘‘Time,’’ Sixth International Congress of Phi- 
losophy, Proceedings, 1927, p. 64; Process and Reality, p. 96. 
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world-line in curved space might exhibit such properties in the 
later cosmogonie realm. With divisions of points so difficult 
to trace, nothing is to be gained by constructing hypothetical 
?? (32.88) parallels to ‘‘heredity.’’ 

There seems to be no clear sense to be given to the ?? (32.41) 
disintegration of a point, unless (32.411) its constituent series 
of multiples cease to coincide and thereupon become indeter- 
minate. Conceivably the process might be due to (32.412) 
disruptions caused by numerical interactions between the con- 
stituent monads of different points. A point which (32.413) 
breaks up into its constituent numbers, rather than series, must 
vanish from the realm of geometry-kinematics. 

(32.42). Points and instants may doubtless be aggregated 
in vast fields, of which fields the relationships already gener- 
alized under the term space-time seem to offer the best available 
description, although space-time at this level may differ from 
that at later levels and realms. This view combines both the 
relational and the receptacle views of space and time, ascribing 
to space-time, as Alexander does, a status prior to that of the 
_ existent world, but not the status of a realm. 

(32.48). Within such a field, points and instants are inte- 
grated into the monads of a new level, world-lines. The simplest 
case concerns one point and one instant. Just as in the cosmo- 
gonic realm an electron and a proton, hitherto cognate monads, 
are taken together as a hydrogen atom, and thereafter at the 
atomic level interact in a unified way with other monads, with 
the proton now the material nucleus of the atom, so a point and 
an instant, hitherto cognate monads, are taken together, ‘‘at the 
same time,’’ and thereafter, at the level of world-lines, interact 
in a unified way with other monads, with the instant a spatial 
position of the point. More complex integrations involve more 
points and instants, or positions. In the new monad as it 
develops, (82.481) some points are positional for others, thus 
reflecting the dyadic relationship (see 32.1131). Some points, 
becoming intermediate in a line, (82.482) discontinue direct 
interactions in space, interacting only through the medium of 
other points. 

(32.44). The terms ‘‘starting-point,’’ ‘‘end-point,’’ ete., in- 
dicate that (82.441) constituent points may be important in the 
new monads; or an ‘‘end-point,’’ ‘‘point of intersection,’’ ete., 
may be (82.442) differentiated during the interactions of a line. 


CHAPTER XXXIT 


‘WorRLD-LINES 


“‘Les individus entrent dans la composition d’un état comme les 
points dans la formation d’une ligne.” 


N. Lossky, L’intuition, la matiére, et la vie, 1928, p. 83. 


(33.00). The monads of this level are called by Minkowski’s 
term, ‘‘world-lines,’’? since they differ from ordinary geometri- 
eal lines in space, and from Whitehead’s ‘‘rects,’’? by including 
within their structure instants in time. They are here regarded 
as prior to the cosmogonic realm; a world-line as the track of a 
particle through four-dimensional space*® shows that their in- 
dividuation is convergent (see 33.12). There is no requirement 
that sucb lines shall be straight;* a straight line, or even a 
smooth curve, is a special ease (see 33.1318). Under certain 
conditions a straight line may generate an angle, and still be a 
monad of this level (see 33.2521). 

(33.10). The lines are regarded as individuated (83.11) 
relatively to (33.111) prior realms, (33.112) prior levels of this 
realm, including points and instants in relationships which in 
the aggregate we may regard as a space-time milieu, and to 
(33.118) other lines. The (33.1181) chief dyadic relationship 
appears to be that of opposite directions, but differences of 
direction may be assimilated to relative differences of rate or 
of priority. An example of priority is that of one leg of an 
angle, relatively to the other leg (see 33.32113). 

(33.12). Since lines may be regarded either as integrations 
of points and instants or as abstractions from the cosmogonic 
monads or from planes, their individuation is convergent. 

(33.18). Lines subsist in various degrees of complexity of 
organization, especially in respect to time-structure. Of these 
organizations, (33.1311) the simplest, partly in space and partly 

1H. Minkowski, ‘‘Space and Time,’’ in H. A. Lorentz and others, The 
Principle of Relativity, p. 76. 

2A. N. Whitehead, Concept of Nature, p. 91. 


3A, §. Eddington, Space, Time, and Gravitation, 1921, p. 87. 
4B. Russell, Analysis of Matter, p. 307. 
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in time, would be one point and one instant, or position, at 
which the point started, now taken together and corresponding 
to the electron and the proton of the hydrogen atom. Just as 
a proton may be regarded as a hydrogen nucleus, so what is 
now looked upon as a past instant may be said to have been 
the position or ‘‘starting-point’’ for a line. Such lines may 
be the result either of (33.13111) integration or of (33.138112) 
differentiation within later monads. There are also (83.1312) 
lines composed of larger numbers of points, etc., but on the 
whole belonging to the same type as the foregoing. These may 
be (38.1381201) lines which simply have endured for a longer 
time. Or, the lines may be (33.131202) broken lines or short 
angles, indistinguishable from those composed of two or more 
short lines taken together in a plane. Or, the lines may be 
(33.131208) ‘‘polar,’’ the result of turning about an axis, al- 
though such lines, if straight, are best regarded as angles of 
360° or its multiples. Wherever it is to be classified, the line 
representing a complete turn of 360° is very important among 
lines. It may (33.1312031) exhibit the interactions and prop- 
erties of an ordinary line. Taken together with various simple 
lines, it (83.1812032) helps to build up complex lines (see 
33.133). Sometimes, in changes undergone by very complex 
lines, (33.1312033) a whole turn will be lost. The angles of 
360° ete., with characteristic turns about an axis, are important 
in the reproduction both of lines and planes (see 34.3324). 
Where (33.1313) each point of a line is correlated with one 
instant, or position, we have straight lines. This definition of 
course modifies Euclid’s definition of a straight line as that which 
lies evenly with the points on itself, by treating positions as 
instants in time. It is likely that such correlations are too 
simple to ‘‘last long,’’ and that they are affected by the accumu- 
lations of instants which result in curvature and rotation (see 
33.2521, 33.353). Whitehead defines a straight line as the locus 
in time-system £ of those points of @ which will intersect some 
one point-track which is a point in the space of some other time- 
system.°® 

Any of these lines may be (33.182) compounded, for instance 
into sheaves. Twisting, turning, branching, and broken lines 


5A. N. Whitehead, op. cit., p. 114. For a more elaborate definition in 
terms of ‘‘flat geometrical elements,’’ see Process and Reality, pp. 457, 
461ff. 
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make up all manner of (33.133, etc.) complex forms. Broad, 
for instance, recognizes that world-lines may be very complex, 
like highly tortuous curves in ordinary space. Prominent in 
the complex forms are lines describing angles of multiples of 
360°. Just as the more complex forms of atoms develop only 
in astronomical bodies, so the more complex forms of lines in 
space require at least the two dimensions of a plane.’ 

(33.14). The individuation of lines is markedly affected by 
their other monadic characteristics. 

(33.20). In plane geometry, a given line is usually regarded 
as subsisting changelessly, subject only to manipulations, Some- 
times lines are spoken of as ‘‘generated,’’ but always with a 
manipulator presupposed. We have assumed that interactions, 
or at least types of order which to us appear as interactions, 
are germane to these subsistent monads, and that individuation 
depends on the maintenance of such interactions, whether ap- 
propriations or rejections. <A line ‘‘describes’’ itself from its 
starting point in the direction which it takes; the fact that a 
direction is taken indicates that interactions are selective. Since 
a line, strictly speaking, has at this level, spatially, only the 
dimension of length, the interactions with points and lines in 
space will occur primarily only at the end-point of the line as 
it extends or contracts. The intermediate points may interact 
in time, but if they were to interact directly with points in 
Space other than the end-point, that interaction would mean 
a lateral dimension characteristic of a plane. Shifts of direc- 
tion taken by the end-point are, however, allowable, and result 
in bent, curved, or complex lines. Just as the nucleus of an 
atom, rather than the whole atom, is sometimes all that needs to 
be considered in interactions, so the earlier segment of a line 
is sometimes all that needs to be considered here, but in most 
cases the distinction is not important. 

(33.21). Among the appropriations of lines, we note espe- 
cially (33.211) ineorporative appropriations of (33.2112) points 
and instants or positions. A line does not interact with, or in, 
‘fempty space,’’ free of points; space is a relationship between 
points. With points already in the field, the line proceeds 


6C. D. Broad, Scientific Thought, p. 470. 

tcf. E. H. Cutler, ‘‘ Fourth Dimension Absurdities’’ and W. S. David- 
son, ‘‘The Ascending Series of Dimensions,’’ in H. P. Manning, ed., The 
Fourth Dimension Simply Explained, 1910, pp. 63, 176f. 
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‘‘longitudinally’’ from its starting-point, intercepting at its 
end-point and incorporating into its structure point after point, 
In other words, the line has ‘‘sense,’’ as in descriptive geometry. 
But, in its ‘‘endurance,’’ it also incorporates instant after in- 
stant. A line may also incorporate (33.2113) other lines along 
its route, thus becoming compound or complex. These incor- 
porated lines may mark twists or turns, and thus again change 
the course of the original line. In geometry it is hard to dis- 
tinguish incorporative and (33.212) non-incorporative appro- 
priation; J. W. Young says that if a point is on the line we 
mean the same as that a point is of the line. Ordinarily the 
appropriation of instants in the endurance of a line may be 
regarded as incorporative, but it may be (33.2122) non-incor- 
porative if the instants are regarded as positions, or if the time- 
structure is discontinuous. In space, a line may be at a point, 
or congruent (see 33.2422) to (83.2123) another line. Geo- 
metrical parallelism may be interpreted as non-incorporative 
appropriation, but there are other interpretations of it (see 
33.2228, 33.268, 33.82118). 

(33.22). <A full account of a line’s rejections would include 
not merely the diminution of the given line, but also some con- 
sideration of a point 0, or ‘‘origin,’’ and of negatively directed 
lines. The first two will be treated presently, and the third 
later (see 33.25822, 33.82113, 34.83335). We also postpone 
consideration of certain reversals (see 33.23123, 33.23125, etc.), 
and oppositions of direction (see 33.32113). The (33.220) gen- 
eral considerations noted in the case of points apply here. 
Furthermore, although sometimes a definite segment may remain 
after diminution of a line, (33.2205) the process of rejection, 
if carried far enough, involves conditions at the boundary or 
‘fend’’ of a line; if it takes place at any other point, it gives 
rise to a new end. The term ‘‘zero’’ may be (83.22051) an 
expression for an enotative region, as when we indicate the 
linear value of constituent series of multiples of numbers 
‘fadded’’ to the points in a line, or the linear equivalent of 
failure to appropriate. Or, ‘‘zero’’ may represent (33.22052) 
a threshold of neglect or point of abandonment, such as we im- 
plicitly set off when we take a certain origin for a line or a set 
of coordinates. A former position in time may be zero for a 


8 J. W. Young, Lectures on the Fundamental Concepts of Algebra and 
Geometry, p. 40. 
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line in space. Often, as in the use of Cartesian coordinates, the 
origin represents (33.22053) a boundary between two or more 
regions. And (33.2206) such processes of rejection, sometimes 
occurring as appropriations or ‘‘taking’’ of negative directions 
or turns, are important in the disintegration, e¢.g., the untwisting 
of a line. The kinds of rejection are like those of appropria- 
tion. Ordinary (33.2213) incorporative rejection of a line is 
mere diminution of the original line by severance of a rejected 
segment. A (33.2223) non-incorporative rejection of a cognate 
monad is seen in a failure to be congruent, and expressed in a 
geometrical inequality, which is indeterminate. Geometrical 

parallelism may be said to result from non-incorporative rejec- 
tion. 

(33.23). Of the countless bom binateans of appropriations 
and rejections, many may be inferred from those of points (see 
32.23). The (83.281) incorporative cases are illustrated when 
a line (83.23121) adds to itself a succession of similar points. 
Combinations involving negative directions require precise 
definition to distinguish between (33.23123) reversals and 
(33.23125) successive rejections in the same direction. A sub- 
sistent process of (33.2313891) preemption is reflected when we 
‘‘take any line’’ or ‘‘a given line’’ and thereby exclude other 
lines from the given process; or where, in accordance with 
Euclid’s parallel postulate, through a point not on a given 
straight line there is only one parallel to the given line. Two 
lines often (33.2313892) intersect, and one may be said to cut 
out a point or segment of another. Processes of (33.231393) 
reinforcement occur, for example, when parallel lines cut an- 
other line; they may be detected in Lobatchevsky’s modification 
of Euclid.1° Processes of (83.231394) exchange or interchange 
may sometimes be traced where lines twist about one another. 
The most important combinations of (33.232) non-incorporative 
appropriations and rejections are the (33.23227, 33.23237) mo- 
tions of lines. In the Euclidean geometry, free mobility is 
assumed, although this would not hold, for example, on an egg- 
shaped Saetace me 

(33.24). The persistence of Bare terene interactions of 

9 ibid., p. 11. 

10 ibid., p. 32. 

11G. D. Fitch, ‘‘Non-Euclidean Geometry of the Fourth Dimension’’ in 
H. P. Manning, ed., op. cit., p. 59. 
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(33.2411) the logical monads is seen in the fact that geometry is 
amenable to logical statement, class relationships, proofs, ete., 
and of numerical monads in the fact that geometrical properties 
ean be given algebraic expression. Persistent interactions in- 
clude (33.2412) interactions in time (see 35.2532). Whitehead 
expresses the general principle by saying that endurance means 
that a pattern which is exhibited in the prehension of one event 
is also exhibited in the prehension of those of its parts which 
are discriminated by a certain rule.” When a line rotates 
around a position as vertex, each point of the line, whether 
peripheral, intermediate, or central, interacts with points in 
time and acquires time-structure (see 33.20, 33.2521). 

Among (83.2422) non-incorporative persistent interactions 
are congruences of constituent points; these are involved in the 
detection of resemblances and differences, and form the basis 
of measurements. Under measurements of magnitude, Russell 
includes any method by which a unique and reciprocal corre- 
spondence is established between all or some of the magnitudes 
of a kind and all or some of the numbers.1* Veblen leaves an 
undefined term to express a relation between point-pairs, 4.e., 
the common notion that the distance from A to B is the same as 
the distance from C to D.* But Whitehead holds that in geom- 
etry equality has the specialized form of congruence. Accord- 
ing to our view, congruence is the non-incorporative appropria- 
tion of points on a line; hence measurement requires coincidence 
and a configuration of events, as Eddington holds,’® or a certain 
structure, as Whitehead maintains.1’ Incommensurability may 
be interpreted as persistence of rejections characteristic of 
constituent monads. If a line extends or contracts, this may 
involve (33.24227) motions of constituent points. If the moving 
end-point also (33.24228) rotates, its path is a spiral. 

(33.25). The results of the interactions of a line are en- 
registered in modifications of its structure; they are represented 
in the act of tracing an ordinary line. To see this, we may 
(83.251) start with a mere starting-point, or position, or else 

12 A, N. Whitehead, Science and the Modern World, 1926, p. 175. 

18 B, Russell, Principles of Mathematics, p. 176. 

14 QO, Veblen, in J. W. A. Young, ed., Monographs on .. . Modern Math- 
ematics, p. 27. 

15 A. N, Whitehead, Principle of Relativity, p. 40. 


1¢é A, 8, Eddington, Mathematical Theory of Relativity, 1924, p. 11. 
17A, N. Whitehead, Principle of Relativity, p. 51. 
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with a simple line, composed of a starting-point or position 
and another point, and generate a more and more complex, more 
often irregular than regular, line as a result of interactions, 
especially motions. That (83.252) functioning has an effect 
upon structure may be recognized in connection with vectors 
(see 32.2523), although a vector is not to be regarded as having 
the properties of a line, except under certain specific conven- 
tions.*® 

Let us suppose that the simple line in its interactions takes 
on other points, instants, or lines. If the line proceeds length- 
wise, (33.2521) the end-point will undergo modification first. 
We noted that if each point of the line is correlated with one 
instant, the line will be straight, but that changes of direction 
at the end-point may occur. Whenever there is a shift in 
spatial direction, extra time is taken, and the shifts are marked 
by instants accumulating at the turning-points. There is only 
one point, but an excess number of instants or positions is 
correlated with it. This may result in great irregularities of 
structure, but such irregular structures must somehow be ac- 
commodated in geometry. Bertrand Russell has worked on a 
precoordinate geometry in which the lines are not to be supposed 
straight.+° 

If the change of direction is constant, and the end-point 
carries at least a straight central segment of the line (see 33.2542) 
as a radius rigidly with it, an angle will be generated between 
the line in space and what was its starting-position in time. As 
this process continues and becomes more regular, the straight 
segment may be completely rotated and angle of 360° be formed. 
This angle may be said (33.2523) to store up the effects of the 
interactions of the line. With each new turn of the segment or 
radius, the angle becomes an angle of a different multiple of 
360°. 

The results may be interpreted by saying that (83.25231 *) 
simple lines, mere combinations of points and positions, build up 
all more complex lines by their combinations. The combinations 
may occur in great variety of relationships of points in space to 
instants in time. A noteworthy case is that of the (83.25232 *) 
straight line (see 383.1313). Doubtless there are countless 
(33.25233 *) transitional forms before straight lines rotate regu- 


18 A, E. H. Love, Theoretical Mechanics, 1906, p. 8, n. 
19 B. Russell, Analysis of Matter, p. 307. 
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larly around vertices. If a given line in interaction (83.25234 *) 
acquires a line which represents a turn around a vertex, this 
turn or angle of 360° may be assumed to be enregistered in the 
structure of the original line. 

(33.253). Viewed in the way here suggested, lines contain 
constituent monads of (338.2531) the numerical and logical 
realms, and (83.2532) series of multiples of numbers, as well as 
the usually recognized constituents, 7.e., (83.25321 *) points and 
instants, or positions. The time-structure of a line is particu- 
larly important; it helps, for instance, in dealing with the fact 
that a line may be said to be composed of an indefinite num- 
ber of points,?° and that the notion of ‘‘between’’ is often re- 
garded as a fundamental notion in geometry.” A point be- 
tween any two given points may be regarded as a point in time; 
the situation is reflected in our ordinary statement that it takes 
time to fill in the intervening points. Hence the continuity of 
a line may involve points in its time-structure.?” Hilbert’s as- 
sumptions of order, which are concerned with the relation of 
betweenness, imply that the points of a straight line form a 
linearly ordered dense class; ?* but here, according to our view, 
something is left innotative, and the series must be filled out, if 
not by instants in time-structure, then by indefinite possibilities 
or relationships. 

We shall see later that in certain processes a straight segment 
or line which has rotated about a vertex and described an angle 
of 360° may be regarded as split into two straight angles of 180°, 
with (33.25322 *) a paired opposition of points and of positions 
(see 33.82113). 

If we consider the rotation of a line about a vertex to form an 
angle of 360°, there seems to be (33.25323 *) an accumulation of 
excess instants at the vertex, which, compared to the other points, 
may be said to ‘‘take more time’’ than it ‘‘takes up space.’’ 
The same may be said for what we called a ‘‘straight central 
segment,’’ or radius, where the rest of the line, in the outlying 
region, is not necessarily straight and may whip about quite ir- 
regularly as the central portion rotates. Since the central seg- 


20 A, N. Whitehead, Organisation of Thought, p. 174. 

21 See B. Russell, Introduction to Mathematical Philosophy, p. 39. 

22 ef, S. Alexander, Space, Time and Deity, Vol. 1, pp. 44ff., 54/f. 

23 J. W. Young, Lectures on the Fundamental Concepts of Algebra and 
Geometry, pp. 140f. 
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ment moves a shorter distance in a given time, instants will ac- 
cumulate also in connection with its points. There is a sense in 
which such an accumulation of instants determines the properties 
of the line, 7.e., the particular points or positions appropriated 
by it up to a given time, but the outlying region also, since it is 
more directly involved in the line’s interactions, will have some 
effect. If the rotating line is considered as a whole, the out- 
lying portions take the same time to rotate that the vertex or 
central segment does, so every point on the line is correlated 
with the same number of instants that the vertex is. In each 
angle of 360°, under certain conditions there may be (33.253824 *) 
divisions into four parts (see 34.33244). The (83.2533) angles 
of 360° are (83.25331) important in processes of reproduction. 
They may (338.253382) vary in size, either in multiples of 360° 
or as regards the lengths of their sides. 

(33.254). The usual major differentiation of a monad into 
central and peripheral regions requires at least two dimensions 
in space, but in the lines of this level one dimension must be in 
(33.2541) time. In (33.25411) the simplest lines (see 33.1131), 
the differentiation between a point in space and its position, or 
starting-point, in time is not so pronounced. But especially as 
a line becomes linearly extended in space, its (83.25412) start- 
ing-point may be seen to be essential for individuation; without 
that starting-point, it ceases to be that line, or perhaps, properly 
speaking, any line at all. In a more complex line individuation 
comes to depend also upon the earlier portions, not so far from 
the starting-point, where (33.25413) points and accumulated ex- 
cess instants mark the bending of the line. If in a complex line 
the earlier portions are straight central segments and radii of 
constituent angles of 360°, the accumulation of instants, as we 
said, marks the rotation of the line around the starting-point as 
its vertex. The properties of such a line seem to be determined 
largely by its constituent (33.25414) angles of 360°. In very 
highly complex lines, these constituent angles may have different 
vertices, owing to a shifting of points of Srey as in transforma- 
tions of coordinates. 

Between the starting-point and the end-point of a linearly 
extended line lie (33.2542) intermediate regions; in an ordinary 
geometry of rigid lines, these would be called central, with a 
starting-point in space and end-point in space as extremities.?* 


24 of, ibid., p. 141. 
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In a complex line with a constituent angle of 360°, the inter- 
mediate region may be the portion of the line, not necessarily 
straight, outside the central segment, between it and the end- 
point. The (33.25421) points nearest the vertex are hardest to 
modify from the direction of the end-point. The intermediate 
points may, as we said, be regarded as separated by points in 
time; and these intervening points or loops in time may make 
the interactions of the line, viewed as in space and in ordinary 
geometry, ‘‘take more time’’ and make the structure of the line 
in space appear discontinuous. The (33.2543) end-point of the 
line, in accordance with our assumption above, is that which is 
most involved in the interactions of the line, especially its link- 
ages with other lines (see 33.2553). In a complex line, the 
end-point (33.25431) may have been added since any one or all 
of the angles of 360° were described by the line, and may be 
lost without affecting the total number of those angles. 

(33.255). To some extent differentiation of structure may be 
said to be correlated with specialization of function. Thus in 
complex lines (33.2551) the central segments, with their turns 
generating angles of 360° or their multiples, are doubtless pre- 
ponderant in determining the properties of a line. It is at the 
vertex or central segment that the divisions prominent in proc- 
esses of ‘‘reproduction’’ may be said to begin. The (33.2552) 
intermediate regions would (33.25521) transmit any peculiarity 
passing along the line from the end-point to the vertex. Inter- 
mediate points interact directly with instants, though at this 
level not with points in space. Such intermediate regions may 
be partly made up of instants in time between points of space; 
by having elements in time, as well as spacé, they perhaps tend 
(33.25522) to conserve the line against disturbances occurring 
in space. It seems possible that (83.25523) new points may be 
differentiated in such regions, although the process is ordinarily 
neglected or left innotative. Intermediate regions may exhibit 
(33.25524) changes consequent upon interactions of a line, par- 
ticularly in its growth or depletion. 

The (33.2553) peripheral regions or end-points are prominent 
especially in interactions with other lines, and thus in determin- 
ing the properties of planes. It is easy to be (33.2554) too de- 
tailed in attempting to specify such functions; there is a sense 
in which the line interacts as a whole. The comparatively sim- 
ple lines which we know in geometry as curves and straight lines 
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may represent the smoothing out or averaging of lines individ- 
ually much more irregular and complicated. 

(33.26). Regulation is on the whole less evident in lines than 
in many plane figures, but may be traced in all ‘‘regular’’ as dis- 
tinct from irregular lines. An example of either (33.261) 
mutual or (33.262) referential regulation may be seen in the 
fact that two points ‘‘determine’’ a straight line, and the more 
complex the line, the more points or positions are necessary to 
determine it. Another example is a vector, defined as a directed 
quantity which obeys a certain rule of operation.2> Examples 
of (83.263) regulation with reference to external objects appear 
to be afforded by the ‘‘locus of a curve,’’ *° or the conformity of 
the properties of a curve to its equation, which is the numerical 
expression of conditions set by the environment, especially the 
coordinates. Russell says that the equation of a curve is a propo- 
sitional function.2’7 Other examples of external regulation ap- 
pear in geometrical parallelism, and in projective geometry. It 
should be noted that the three types of regulation here classified 
are not altogether distinct from one another. 

(33.27). As lines in their interactions extend or contract, we 
have augmentation (prolongation) or depletion (retraction). 
When the process tends toward (33.271) a limit, we have the 
geometrical, and the basis for the mechanical applications of the 
calculus (see 34.271). 

(33.80). We have mentioned a line’s appropriations and re- 
jections of other lines. It seems plausible to account for such 
other lines by (33.31) repeated production, but there is also room 
for an account in terms of (33.32) segmentation, analogous to 
division, or fission. There are (33.321) various modes of effect- 
ing such segmentation. Thus (383.3211) simple segmentation 
may take place when a line divides into two linear segments. Or, 
a line may (33.32111) divide from the starting-point or vertex 
lengthwise, and (83.382112) more or less unevenly, in a way 
resembling the ‘‘resolution of vectors.’’ 8 This kind of repro- 
duction may be best understood by studying the (33.32113) 
more regular divisions traceable in‘ certain angles. We have 
noted that in its interactions a straight line or segment may by 


25 A, KH. H. Love, op. cit., p. 8. 

26cf, A. N. Whitehead, Introduction to Mathematics, p. 121. 
27B. Russell, Introduction to Mathematical Philosophy, p. 156. 
28 A, E. H. Love, op. cit., p. 11. 
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rotation trace out angles of 860°. At this level, such an angle 
les between the line and its former position in time, although the 
angle is usually conceived as an intersection of two lines in a 
plane in space. Just as mitosis sometimes accurs in a unicellular 
organism, so an angle of 360° at this level may divide into two 
angles of 180°, 7.e., into two oppositely directed straight lines. 
When this occurs, the two straight lines develop in space, and 
implicitly in a plane, just as a unicellular organism at the meta- 
phase is virtually a multicellular organism at the next level. 
Along the two straight angles there is opposite pairing of posi- 
tions and of points, just as in the threads of mitosis there is 
opposite pairing of genes and of whatever molecular complexes 
go along with them. Each straight angle may be regarded as 
including and sweeping any given position or point which lies 
within it, as well as all other positions and points on that side of 
the line marking the given straight angle, while the other angle 
includes or sweeps the opposed positions or points on the other 
side. Acute or obtuse angles mark less complete oppositions of 
points and positions. 

The division, incomplete in the case of an angle, may be re- 
garded as completed in geometrically parallel lines, although we 
have seen that these may be variously interpreted. Important 
in their structure are of course not merely their points but the 
instants they endure or the positions they occupy. The ‘‘par- 
allel postulate’’ is important for Euclidean geometry; it is the 
failure to consider a fourth dimension which helps to mark off 
the Euclidean from other geometries.”® 

Lines may also reproduce by (38.3212) branching, in all 
manner of irregular as well as regular patterns. A compound 
line with radial pattern may also divide by (83.3213) quadrature 
or similar processes, with a result more like fragmentation than 
segmentation. This kind of division, however, is more common 
in planes. A new line may even be formed by (33.3214) junction 
of the results of such divisions; this anticipates processes which 
we shall study below (see 33.383). The process would admit 
(33.8215) a readjustment of vertex segments amounting to rota- 
tion of the coordinate axes, as well as (33.322) virtual neglect 
of the end-points of the lines. Various (33.323) interpretations 
may be given in terms of constituent points, positions, ete. 

29 See F. S. Woods, ‘‘Non-Euclidean Geometry,’’ in J. W. A. Young, 
ed., op. cit., pp. 937f. 


556 A WORLD OF EPITOMIZATIONS 


(33.33). The reproduction in which one line arises from two 
others is best studied at the later level of planes, but the process 
may be traced at this level of lines, where it (83.831) may take 
place in various ways, without reference to planes. No special 
interest attaches to a (33.8311) junction of two lines at their 
vertices, followed by their separation; it may be included here 
as a possibility, for the sake of its correspondence with copula- 
tion. Several lines may (33.8312) combine into one line before 
fragmentation. Where lines or angles are formed from 
(33.3313) fragments from the vertex regions of two others, the 
union of the two lines or fragments of lines offers a prototype of 
‘‘bi-parental’’ processes in planes. Fragmentation may be 
(33.8814) combined with segmentation. A (33.832) double re- 
duction may occur in lines without reference to planes, but is 
better considered at the later level (see 34.3324). In general, 
(33.833) the formation of lines by combination of other lines 
(33.834) affords wider possibilities of variation. 

(33.384). We suppose that in lines constituent monads persist 
in their characteristic reproductions; it is easy, for example, to 
picture the linear prolongation of a line by ascribing some prop- 
erty of reproduction to its points. 

(33.85). When lines are compared, they manifest (33.351) 
resemblances, with such (83.352) differences as these resem- 
blances imply. Study of degrees of resemblances may include 
geometrical parallelism, congruence, or, as a limiting ease, ge- 
ometrical equivalence. These resemblances and differences are 
(33.853) indispensable for the classification of lines. One of 
the most familiar classes is that of straight lines, although for 
four-dimensional geometry there are no longer straight lines in 
the old geometrical sense; at least when taken in connection with 
matter and its measurements, there are straightest lines or geo- 
desies, but these involve time as well as space.*® Resemblances 
and differences extend to (33.354) constituent monads, as is seen 
for points in comparisons of similar or dissimilar lines, and for 
constituent angles of 360° in the different numbers of these which 
may be comprised in a complex line. By means of numerical 
expressions for distances in coordinate geometry, the straight 
line and other curves can be classified according to their equa- 
tions. 

(33.86). With respect to their resemblances and differences, 


30 B. Russell, The A BC of Relativity, p. 193. 
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lines may be arranged in series, the most familiar of which is 
that according to length; such an arrangement is also important 
for a theory of measurement.*? If the series takes the points in 
time into account, according to excess of instants accumulated 
at the vertices, it corresponds to the series of atomic numbers. 
Series can also be arranged according to numbers of constituent 
angles of 360°, corresponding to ‘‘helium number” (see 
43.25414) or chromosome number. Series of lines may (33.361) 
be taken in any direction from a given member of the series. 
Serial arrangements may (33.362) obtain between various 
classes of lines, and may be (83.3631) determinate or (33.3632) 
indeterminate—if the latter, (83.36821) innotatively _ or 
(33.36322) enotatively. 

(83.87). Where lines are regarded as rotating around ver- 
tices, or aS Sweeping out enormous circles in space-time,*? an 
arrangement in series according to increasing length will be 
marked by periodic relationships. 

(33.88). Those properties of lines which are analogous to 
biological heredity are sometimes not very evident; in irregu- 

lar lines there is little resemblance to segments. But as lines 
become more regular, ‘‘hereditary’’ resemblances become more 
evident, and most of the (33.380) general considerations be- 
come applicable. These properties are most evident under 
the conditions imposed by planes, and discussion of them will 
be postponed (see 34.38). 

(33.41). A line, complex or simple, may disintegrate, and dis- 
integration may (83.411) involve the breaking up of constituent 
angles of 360°, of segments, or, according to our view, of eon- 
stituent points. This process is often brought about by (33.412) 
intersecting lines. A line may be so directed or determined 
that it (33.413) becomes equivalent to zero. Somewhat similarly, 
a vector parallel and proportional to the sides of a closed poly- 
gon, and with senses determined by the order of the corners when 
a point travels around the polygon, is equivalent to zero.** 

(33.42). Lines may be aggregated, loosely or in ‘‘bundles’’ 
through a point.** 


310. Veblen, in J. W. A. Young, ed., op. cit., p. 46. 

32 See Science, 63, January 29, 1926, Supplement, p. xxx. 

83 A, EB. H. Love, op. cit., p. 15. 

34'T, F, Holgate, ‘‘Modern Pure Geometry’’ in J. W. A. Young, ed., 
op. cit., p. 72. 
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(33.43). Within such aggregates and often hard to distin- 
guish from them, two or more lines taken together and acting as 
a unit constitute a monad of the next higher level, or world- 
plane. A similar result may be obtained with a bundle of rays 
under suitable conditions—affording an epitomizing parallel to 
a multinucleated cell—or with an angle when the two legs fail 
to separate, and both legs can be regarded as in the same space-. 
system. This latter case is an epitomizing parallel to the fact 
that a multicellular organism may arise from a failure of uni- 
cellular organisms to separate by fission, when both are function- 
ing cells. 

In such a plane figure, (383.431) the end-points joining the 
boundary lines at corners play a prominent part. As the figure 
is described or traced, one boundary line serves as base with 
its end-point a ‘‘point of departure’’ for the next side. As the 
figure is formed, some lines (33.432) cease to interact directly in 
space, and in the new monad interact only indirectly by means 
of other peripheral lines. 

(33.44). Within the new monad some lines (83.441) retain 
their individuation, as is seen in boundary lines; but other lines 
may be (33.442) differentiated, for example diagonals in squares. 


CHAPTER XXXIII 


WoRLD-PLANES: WoRLD-Souips: Figures or HIGHER 
DIMENSIONS : 


“ Geometric figures . . . seem merely to mimic the self-contained re- 
lation of the concrete thing.” 
B. Bosanquet, Logic, or the Morphology of Knowledge, 
LOLISSVOl. Lo pa alts 


“In the concept of a summitless hierarchy of Hyperspaces is at- 
tained . . . the amplest freedom yet won by the human spirit—room, 
I mean, for exterior representation—for the architecture, if you please, 
—of every analytic doctrine or theory.” 


C. J. Keyser, Mathematical Philosophy, 1922, p. 341. 
World-Planes 


(34.00). The monads of this level will be called ‘‘world- 
planes’’ in analogy with the term ‘‘world-lines,’’ to indicate 
ordinary geometrical planes regarded in the dimension of time. 
According to the usual view of a plane, if A, B, and C are three 
non-collinear points, the class of all points on the straight lines 
joining A to the points of BC or B to the points of AC or C to 
those of AB is called the plane ABC.1. But the time-dimension 
must be considered; furthermore, just as a line may be curved 
in space, so a plane such as we are considering to be a monad 
of this level may be curved or warped in space, or even 
superposed on parts of itself. Whitehead says that a definition 
of a plane can be given which holds for every geometry. If 
A, B, C are three non-collinear points, the plane ABC is the 
class of points such as x, which satisfies the condition that some 
line through zx intersects at least two of the lines BC, CA, AB 
not at A or B or C.? 

Perhaps the term ‘‘world-surface’’ or ‘‘time-surface’’ would 
be a suitable designation for such monads, but such terms sug- 
gest differentiated portions of solids. The term ‘‘region’’ used 


‘é ? 


1J. W. Young, Lectures on the Fundamental Concepts of Algebra and 
Geometry, p. 157. 
2A, N. Whitehead, Axioms of Projective Geometry, p. 5. 
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by Veblen? seems too indefinite. At this level geometrical 
figures, in the sense of geometrical structures with boundary 
lines, first appear. Alexander calls geometry the science of 
figures in space.* 

(34.10). The individuation of a figure is (34.11) relative to 
the (34.111) logical and numerical milieu, as well as to (34.112) 
what may be called space-time, although, again, this may be like 
a ‘‘configuration space.’’ Whitehead thinks that the high per- 
ceptive power of figures has been the source of philosophical 
error in that it has led the theory of space to be annexed to 
objects and not to events, and thus created a fatal divorce 
between space and time. A figure, being an object, is not in 
space and time, except in a derivative sense.° But, according 
to our view, the term ‘‘events’’ is too general; objects are 
emergent from the geometric-kinematical monads whose rela- 
tionships constitute space-time, rather than ingressive into them, 
and the geometric-kinematical monads constitute part of the 
milieu for all later monads. Geometrical figures as actually 
drawn in the materials of the cosmogonic represent monads of 
the realm of geometry-kinematics, as these are refracted through 
the cosmogonic which intervenes between them and us (see 
Chapter X XI, 6). And allowance for the time-dimension pre- 
vents an untimely divorce between space and time. Planes are 
individuated relatively (34.1138) to one another; here the 
(34.1131) dyadic relationship of difference of rate appears in 
differences of position, so that one plane may, for instance, serve 
as a base for another. 

(34.12). Planes can be integrated from lines or differen- 
tiated in solids; their individuation is convergent. 

(34.13). On the analogy with lines, planes subsist in various 
degrees of complexity of organization. The (34.1311) simplest 
appears to be a line taken with reference to certain points or 
lines or segments which are regarded as in time. A clearer 
ease of simple organization would be (34.1312) a combination 
of two or more lines, not necessarily straight, in space. Such 
lines may be regarded as simultaneous in time, or as having 
an interval between them. Such combinations may not be 


80. Veblen, in J. W. A. Young, ed., Monographs on . . . Modern Mathe- 
matics, p. 19. 

48. Alexander, Space, Time, and Deity, Vol. 1, p. 154. 

' A. N. Whitehead, ... Principles of Natural Knowledge, p. 192. 
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monads, but merely subordinate differentiations in other mon- 
ads; the criterion for us would be whether the combinations 
exhibit the monadic characteristics, especially in reproductive 
processes. Another (84.1813) simple form is an unwarped or 
unbent plane, in which each line in space is correlated with one 
line, or point-track, in time. Any planes may be (34.132) 
compounded. The (84.138) complex forms include countless 
broken and irregular surfaces, as well as planes which contain 
Riemann surfaces. Just as chromosomes occur in some uni- 
cellular organisms, but are more important in multicellular 
organisms, so angles of 360° occur at the level of lines, but are 
more important here, as Riemann surfaces. Riemann’s device, 
says Huntington, was to think of the plane about the point 0, or 
origin, as made up of numerous distinct sheets, joined together 
after the fashion of a spiral staircase. A moving radius winds 
around from one sheet to the next, as if it were following the 
thread of a screw. In this way we keep angles of 360° and 720° 
distinct; they le in different sheets of the Riemann surface.® 

(34.14). The individuation of planes is modified by their 
other monadie characteristics. 

(34.20). Just as the interactions of a multicellular organ- 
ism are like those of a unicellular organism, only more com- 
plicated, so the interactions of a plane are like those of a line, 
only more complicated. And just as multicellular interactions 
may be said to be primarily those of the germ-cells, so the inter- 
actions of planes may be said to be primarily those of the 
generated Riemann surfaces. At the preceding level, lines were 
viewed as interacting primarily in the longitudinal directions 
and not laterally, although allowance was made for changes 
of direction, as in bending. Here, analogously, a plane is 
viewed as reacting primarily longitudinally and laterally, and 
not vertically, although allowances are made for changes of 
direction, as in bending and warping. 

It will not be necessary to trace through in detail the (34.21) 
appropriations, (34.211) incorporative and (34.212) non-in- 
corporative, of (34.2111, 34.2121) portions of the milieu, 
(34.2112, 34.2122) prior points and lines in time and space, and 

6k. V. Huntington, in J. W. A. Young, ed., op. cit., p. 156. For a 
mathematical discussion of Riemann surfaces, beyond the scope of our 
treatment which follows, see A. R. Forsyth, Theory of Functions of a Com- 


plex Variable, 1893. On the importance of Riemann surfaces, see, ¢.g., 
H. F. Baker, An Introduction to Abel’s Theorem... , 1897. 
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(34.2113, 34.2123) other planes, nor the corresponding (34.221, 
34,222) rejections, as these follow clearly enough in analogy 
with those of lines. The inclusion of interactions in time per- 
mits apparent discontinuities in space. Non-incorporative in- 
teractions include congruences, which are basic for measure- 
ments and involved in many theorems of plane geometry. Of 
special importance among (34.23) combinations of interactions 
are (34.231392) intersections, (34.2313893) reinforcements, and 
(34.231394) interchanges of planes. As in the ease of lines, 
great importance must be ascribed to (34.23227, 34.23237) 
motions of planes. | 

(84.24). Persistence of characteristic interactions is evident 
in (84,2411, 34.2421) logical and numerical properties of planes. 
For example, while real numbers may be represented by the 
points in a line, complex numbers may be represented by points 
in a plane.’ Theorems concerning measurements of lines and 
angles, and their arithmetical, algebraic, and geometrical equiv- 
alences may be cited in this connection. It is obvious that on 
any view which allows interactions in planes, constituent 
(34.2412, 34.2422) points and lines keep up many of their 
characteristic processes; a complicated case is seen in the con- 
struction of a line representing the numerical product of two 
lines.2 Another example is a vector localized in a line;® or 
(34.24127, 34.24227) transformations of points or lines within 
a plane; or (34.24128, 34.24228) the rotation of a line in a 
plane. Sometimes (84.2413, 34.2423) constituent planes or por- 
tions of planes, as, under special conditions, the Riemann sur- 
faces of complex planes, may have their characteristic interac- 
tions. 

(34.25). Planes, like other monads, enregister the results 
of their interactions in their structures. Thus we may (34.251) 
start with a very simple plane, even with a base line, and in 
the processes often, although for our analogies and parallelisms 
ineptly, called ‘‘generation’’ of a figure, note how (34.252) 
processes are enregistered in structure. Holgate says that the 
principle of continuity, first assumed. by Kepler, asserts that a 
property which can be demonstrated for a particular figure 
will hold true if the figure should change its form in any man- 

7H. B. Fine, The Number System of Algebra, 1902, pp. 41, 44. 


8 See E. V. Huntington, in J. W. A. Young, ed., op. cit., pp. 159f. 
9cef. A. E. H. Love, Theoretical Mechanics, 1906, p. 18. 
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ner, subject to the conditions under which it was first con- 
structed. This principle makes necessary an enlargement of 
the significance of many geometrical terms so as to include 
imaginary elements.1° We may suppose that such new differ- 
entiations (34.2521) first become apparent at the interacting 
edges of the developing figures, only gradually (34.2523) modi- 
fying the interiors. 

(34.253). Planes, if they are built up as our discussion 
indicates, show differentiations as regards (34.2531) monads 
of prior realms, particularly the numerical. Among (34.2532) 
prior monads of this realm, points can be used, as above, to 
define planes; and points in time help to provide and account 
for discontinuities of spatial structure. Differences in rate of 
interaction might lead to a relationship whereby some planes 
would be (34.25321 *) ‘‘storing up’’ more points and lines than 
others. We find that (34.25322 *) constituent points and posi- 
tions are prominent at boundaries, especially corners, at the 
junctions of lines, and along the lines which form the angles 
of 360°. 

Among (34.25323 *) constituent lines, some prominence must 
be assigned to the angles of 360° and their subdivisions, in the 
Riemann surfaces (see 34.33242). Constituent lines in planes 
differ from monads of the preceding level because now they are 
(34.253231 *) more rigidly held in the organization of the plane. 
Their form is in general adapted to the places which they 
occupy. Some of the detailed arrangements found in eases of 
constituent monads in plants and animals, for example, seem 
to have no epitomizing parallel in planes, although figures could 
doubtless be constructed with any peculiarities desired. Planes 
may, for instance, be made to exhibit (34.253233 *) groupings 
of lines corresponding to differentiations of cells in any plant 
or animal tissue, or in any process, although there is no sign 
that such arrangements would be natural or predominant in 
pure geometry. Planes segregate (34.2533) small groups of 
lines which may be regarded as constituting (84.25331) sub- 
ordinate planes. Of special importance also are (34.25332) 
various Riemann surfaces analogous to the germ-cells of a 
multicellular organism in (34.253321) various stages of devel- 
opment (see 34.333). A Riemann surface may (34.253323) 
exhibit differentiations into central, intermediate, and peripheral 


10 T, F. Holgate, in J. W. A. Young, ed., op. cit., p. 60. 
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portions. Perhaps, as we said (see 34.25321), the planes whose 
interactions are at the highest rates are (34.253326) more highly 
differentiated than others which interact more slowly. Wher- 
ever there is a rotation of a line around a vertex, (34.253327) 
Riemann surfaces tend to develop; this takes place presumably 
(34.253328) with the incorporation of new points and positions. 
There may also be (84.253329) developments at the periphery 
of a plane, outside the Riemann surfaces; it should be remem- 
bered that with allowance for the time-dimension, such pe- 
ripheral appendages may be spatially discontinuous at any Rie- 
mann surface and need not be swept along in space in the rota- 
tion to the next surface. 

(34.2534). It may be said that in such planes in the time- 
dimension occur the first differentiations which we know as 
discrepancies between world-lines, and which lead to the de- 
velopment of the first levels of the cosmogonic realm (see 
40.00) ; but it is more accurate to say that they occur in the 
four-dimensional level of world-solids (see 35.2534), or even 
in later levels. 

(34.254). With two dimensions in space at this level, the 
gross differentiations usually considered are spatial, although 
to these an account of elaborate differentiations in time might 
be prefixed. Considered in space, the gross differentiations of 
planes are, first, (84.2541) central. Coordinate axes cross at 
a point 0, which may be taken as central in a plane, although 
it might, with certain transformations, be at the periphery. 
A Riemann surface coiled in successive sheets around a vertex 
is a central region of a more complex plane. 

We shall try to show later that when under circumstances 
which open wide possibilities of variation, a plane is produced 
from two ‘‘parent’’ planes, the Riemann surfaces of the new 
plane present a dual structure, with the angles of 360° and 
the points or positions swept by them paired, and with one 
angle, typically of 180°, coming from each parent plane (see 
33.25322, 34.8322). As (84.2542) intermediate regions, we 
should consider any part of a plane lying between a Riemann 
surface and the boundary lines, remembering that outside the 
Riemann surfaces a plane may be warped, or that there may 
be discontinuities in its spatial structure. The (34.2543) pe- 
ripheral regions are the boundary lines of the plane, although, 
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as Whitehead points out, the boundary of spaces by bits of 
lines is a very complicated idea.*? 

(34.255). These differentiations of structure are to some 
extent correlated with specializations of function. There need 
be no doubt that (34.2551) the Riemann surfaces chiefly deter- 
mine the properties of the planes containing them (see 34.332, 
34.3812). The (34.2552) intermediate regions do not interact 
directly in a vertical direction, but may be said to enregister or 
transmit the effects of interactions on the part of (34.2553) 
peripheral regions. The boundary lines tend to preserve the 
figure of the plane. But it is possible to be too detailed in such 
assignment of function and to miss the fact, evident sometimes 
in transformations, that a plane (34.2554) acts as a whole. 

(34.26). In a world where, according to Bosanquet, geo- 
metric figures seem merely to mimic the self-contained relation 
of the concrete thing,” it might be expected that such figures 
would yield some traces of regulation. One of the best ex- 
amples of (34.261) mutual regulation seems to be that of the 
interlocked trigonometric functions. When any particular 
value is acquired by one of the parts of a figure, the adjustment 
of the other parts may be said to afford a case of (34.262) 
referential regulation. Other examples are afforded by in- 
variants during transformations. Projective geometry abounds 
in eases of (34.263) regulation with reference to external mon- 
ads or conditions. The distinctions between the three types 
of regulation are not hard and fast. With the foregoing pre- 
suppositions, one can infer (34.264) persistent regulation within 
the constituents of a plane or plane figure. 

(34.27). Planes in such interactions exhibit augmentations 
and depletions with reference to (84.271) limits. This is most 
clearly exhibited in the geometrical applications of the calculus, 
particularly in the area under the curve which represents an 
integral.'® 

(34.30). The multiplicity of planes, occasionally presup- 
posed above, may be accounted for in terms of (34.31) repeated 
production; but other accounts are quite plausible. 

(34.32). Planes may divide by simple (34.3211, 34.3212) 


11 A. N. Whitehead, Introduction to Mathematics, p. 118. 

12 B. Bosanquet, Logic, 1911, Vol. 1, p. 217. 

13 W. A. Granville, Elements of the Differential and Integral Calculus, 
pp. 3147. 
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separation of components; the division may be equal, as in 
bisection, or unequal, as when any part of a plane constitutes 
a new plane. Something of the sort appears also in the ‘‘de- 
composition’’ of a convex region by a line.1* New planes might 
conceivably be produced by (84.3213) a separation of the con- 
stituent Riemann surfaces into single sheets, each containing 
an angle of 360°; and there might even be (34.8214) a forma- 
tion of such angles by components taken from different HL 
surfaces of the same original complex plane. 

(34.33). We shall now try to show that epitomizing ae 
lelisms for processes in bi-parental reproduction in multicellular 
organisms can be indicated in the realm of geometry-kine- 
matics. In what follows, ‘‘original’’ or ‘‘parent’’ planes, ac- 
cording to the hypothesis of epitomization, are set in parallelism 
to parent multicellular organisms; Riemann surfaces are re- 
garded as paralleling germ-cells; angles of 360° in Riemann 
surfaces are regarded as paralleling chromosomes in germ-cells; 
angles of 180° are compared to reduced chromosomes, and 
paired positions as elements of different angles of 180° are 
regarded as paralleling paired genes in chromosomes. Some of 
our assumptions and descriptions must be much more compli- 
cated than those of ordinary geometry, but even then we shall 
not begin to exhaust the complexity of possible geometric con- 
struction. These processes are not necessary to the geometrical 
figures, but they are consistent with ordinary geometry; we 
should remember also that bi-parental reproduction is not uni- 
versal in biology. We shall suppose that in the realm of geom- 
etry-kinematics bi-parental reproduction takes place (34.331) 
in many ways, and typically when (34.8312) intersecting ‘‘par- 
ent’’ planes each (34.8318) contribute elements. Statistically 
there may be a kind of balance between new planes produced 
by lines derived from different Riemann surfaces of the same 
original plane and new planes produced by lines derived from 
Riemann surfaces of different original planes, although there 
is no reason for supposing any regular alternation. One might 
construct geometrical models indicating (84.3315) countless 
variations. 

(34.332). In ‘‘reproduction’’ of planes from two ‘‘parent’’ 
planes, it seems possible that there are processes of reduction of 
the number of angles of 360° in the Riemann surfaces. An- 


i4cf. O. Veblen, in J. W. A. Young, ed., op. cit., p. 21. 
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ticipations of these processes may take place in world-lines (see 
33.332). If we grant free interactions to planes it appears 
that they may go through phases or cycles of development which 
lead up to and away from the combination of lines in two parent 
planes to form an angle which serves as the beginning of a new 
plane. In the intervals between the formation of such angles, 
there are readjustments of outlying boundary lines of the plane, 
and even of the angles of 360°, and of the points and positions of 
the Riemann surfaces. We are here (34.3321) concerned only 
with the Riemann surfaces from original or ‘‘parent’’ planes, 
containing a slightly different number of angles of 360°, which 
Riemann surfaces, after the process of reduction about to be 
described, enter into the composition of the angle in the new 
plane. Any outlying portions of planes, e.g., portions spatially 
discontinuous with the Riemann surfaces, and even some cog- 
nate series of Riemann surfaces which might be produced in 
exceedingly complex lines, are disregarded. 


Each Riemann surface with which we are concerned presents a 
(34.3322) complexity of structure near its vertex. If each sheet is 
split along a diameter into half-sheets, there will be along the diameter 
an opposite pairing of positions and points (see 33.25322, 33.32113, 
34.2541, 34.33242), which is consistent with a derivation from dif- 
ferent original planes. We shall suppose that some exceedingly com- 
plex planes contain more than one series of Riemann surfaces, and that 
some of these complex planes contain (34.3323) Riemann surfaces all 
similar as regards a certain number of angles of 360° selected as 
typical, with each Riemann surface containing the full number repre- 
sentable by XX; while other complex planes contain Riemann sur- 
faces which differ slightly in number of angles of 360°, some surfaces 
containing the full number representable by XX, while others are 
deficient, containing one incomplete angle of less than 360°, represent- 
able by Y in XY, or lacking one or more angles of 360° altogether, 
representable by O in XO. This difference is the parallel to the dif- 
ferentiation of sex in multicellular germ-cells in the biotic realm and 
is prominent in our whole discussion. Perhaps it reflects the dyadic 
relationship of difference of rate of interactions noted above (see 
34.1131). 

In the Riemann surfaces of each original plane, whether the surfaces 
have the same number or different numbers of angles of 360°, a com- 
plicated process of (34.3324) double reduction may typically take 
place. We shall consider (34.33241) a process of reorganization which 
takes place in each angle of 360° separately, with a possible subse- 
quent compounding of the results. Disregarding many variations, we 
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may say that in an unreduced Riemann surface there will be (34.33242) 
a certain typical number of paired angles, which we may represent 
with reference to their constituent angles by A,a; B,b; C,c; D,d;..., 
ete., where the capitals indicate angles of 180° derived from one orig- 
inal plane and the small letters angles of 180° derived from another. 
In a Riemann surface, an angle of 360° represents a half-turn beyond 
an angle of 180°; one of the angles may thus lie just beyond another. 

Next, we may suppose that (34.33243) the angles of 360° represent 
so many fusions of angles of 180° in the sheets of the original Rie- 
mann surface, and that in the course of interactions of the planes, in 
which countless possibilities of readjustment are thrown open, there is 
a development of corresponding sets of Riemann surfaces, but with 
rotation in the opposite sense, so that, if the rotation of the first set be 
taken as counter-clockwise, that of the second is clockwise, or if the first 
be taken as positive and accumulating successive sheets in an upward 
or x direction, the second is negative, accumulating successive sheets in 
a downward or —«, direction.1® 

Let there now follow (34.33244) two divisions, the first between 
corresponding angles of 360° in the positive and negative Riemann sur- 
faces, and the second between the two angles of 180° in each sheet of 
the surface retained at the first division just indicated. Each doubly 
reduced sheet then contains only one of the four possible angles of 
180°, i.e., only one of the two possible angles of 180° in a positively 
or negatively generated sheet; if these results are regarded as com- 
pounded, each doubly reduced Riemann surface as a whole contains 
the equivalents of only one of the four components of each double 
sheet, z.e., only one of the two components of each positively or nega- 
tively generated sheet. These prepared Riemann surfaces may be re- 
garded as (34.33245) lines, or better as angles of multiples of 360°, 
but even then as angles in a peculiar state, having only half their 
typical or original angular measurement, and being best described as 
multiples of 180°. The question may be raised (34.33246) why the 
division should be double, with consideration of positively and nega- 
tively directed Riemann surfaces, when so far as one can see the 
single division of angles of 360° would accomplish the given result. 
It may, however, be said that the double division introduces wider 
possibilities of variation. 

The process of reduction is (34.33247) subject to numerous minor 
modifications. These may include (34.332471) failure of any angles of 
360° to divide as above; (34.332472) loss of a “turn” or angle of 360° 
of the Riemann surface; (34.332473) shiftings of the vertex of the 
angles of 360°, amounting to transformations of coordinate axes; and 
(34.332474) possible passage of lines or points from one sheet or half- 
sheet of a Riemann surface to another. This includes rotation of one 


15 For the rule of signs, see A. E. H. Love, op. cit., p. 20. 
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angle of 180° upon another; such rotation is possible in a Riemann 
surface admitting superpositions, in such a way as to make the angles 
of 180° overlap and prevent their complete opposition. We may also 
have (34.332475) internal relationships among the points and posi- 
tions in the angles of 180°; this is modified by the overlapping just 
mentioned, and by accumulations of positions or instants in the time- 
dimension. We may note that (34.332476) it is not necessary that all 
the products of such reductions should help to form new planes; 
many of them may simply remain out of such combinations, and may 
disintegrate. 

The sheets, which above have been taken separately and regarded as 
“reduced” one by one, may be regarded now as assembled or com- 
bined into reduced Riemann surfaces. The surfaces are reduced either 
because they contain one-half, or nearly one-half, of the characteristic 
number of angles of 360°, or else because they contain the full char- 
acteristic number, or nearly the full number, of angles of 180°. For 
convenience we take the interpretation in terms of angles of 180°. 
Since there were slight differences in the number of angles or turns 
in the original surfaces (34.3325), some of the reduced surfaces will 
contain the full number of angles of 180° and be representable by X, 
while others will not contain quite the full number, but will be in some 
respects defective, having somewhere an angle represented by X or O. 

We suppose that at least two Riemann surfaces prepared as above, 
typically from planes similar and equal or nearly equal in number of 
sheets, (34.333) intersect in such a way as to determine a new Rie- 
mann surface (see 34.3313). This process may be exceedingly compli- 
cated, but can be somewhat simplified if we disregard all underlying 
angles of 180° or its multiples, since these underlying angles will be 
of the same number for each of the selected Riemann surfaces, and if 
we take into account only the last or top half-sheet from each selected 
surface, since it is in the last half-sheets that the selected Riemann 
surfaces will differ if they differ at all (see 34.3333). Since these top 
half-sheets come from intersecting Riemann surfaces which are essen- 
tially similar and approximately equal, some will tend to meet along 
a diameter in a sheet of a new Riemann surface, which (34.3331) 
may be regarded either as a line sweeping out a surface, or as a plane, 
although at this stage without boundaries or other peripheral features 
which may be acquired later. The fusion between the intersecting 
Riemann surfaces is not an incorporative appropriation of one surface 
by another, but rather a (34.3332) special case of segregation, which 
differs from ordinary integration because of the peculiar and close 
correlation between the elements of the similar intersecting surfaces. 
In detail, we may note that (34.33321) there is a sense in which the 
Riemann surface with the smaller number of turns may be regarded 
after the fusion as penetrating the other or as being included within 
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it (see 34.3334). The respective half-sheets, since they are similar and 
approximately equal, will have (34.33322) various positions and points 
oppositely paired or nearly paired, with slight differences such as 
might be due to the dyadic relationship of difference of rate (see 
34.1131). The reduced surfaces with the complete number of angles 
of 180° may be assumed to be (34.33323) of more importance in fu- 
ture developments of Riemann surfaces than those with fewer angles 
of 180°. When half-sheets intersect, the positions along the diameters 
will tend to be paired, although there may be differences in time-struc- 
ture, and incomplete angles of 180°. In future rotations, according to 
direction taken, an angle in one half-sheet (34.33324) will supersede 
any in the other. All this may be (34.33325) a differentiation in a 
later monad, e.g., a solid in which these planes or surfaces belong. The 
intersection of the planes, in fact, involves another dimension, in which 
the planes move—a dimension which pertains to figures of the next 
higher level. 

Considering the (34.3333) results of such intersections, it appears 
that (34.33331) if two surfaces having the full characteristic number 
of angles of 180° meet, the resultant surface will have the full num- 
ber; but that (34.33332) if one is lacking or defective, the result will 
be defective in that it does not contain the full number. Moreover 
(34.33333), if both are defective or lacking as regards the number 
taken to be characteristic, there will be no result as regards this num- | 
ber. And (34.33334) if the two surfaces differ too much as regards 
the number of angles of 180°, or are otherwise too unlike, there will 
typically be no result, although this statement may be modified later 
{see 34.3335). 

We may conceive (34.33335) combinations developed with the nega- 
tively directed half-sheets; thus (34.333351), if one positively and one 
negatively directed half-sheet join, the result, as taken with the posi- 
tively directed half-sheet presupposed, will be subject to the modifi- 
cation introduced by the negative. Or (34.333352}, we can conceive a 
result among the excluded negatively directed half-sheets, giving noth- 
ing as regards any positively directed half-sheets but yielding a coun- 
terpart in the negative, and affording perhaps a rudiment of a new 
dimension of depth. 

Between the Riemann surface with the full number of angles and 
that of the defective number are (34.3334) certain relationships of 
inclusion; we may say that the former includes everything which the 
latter does, and more. We note further that (34.3335) the XX or com- 
plete type differs from the XO or incomplete type, since in the former 
for any given Riemann surface, if the type is to be maintained, only 
angles of 180° in number equal to the type number will function, 
whereas in the latter or incomplete type, any angle may function, 
since all that is required is an angle incomplete or defective. The sur- 
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face thus formed by intersection, if it be granted that such monads 
enter upon interactions (34.3336), may go through a long process of 
development, acquiring accessory or peripheral structures. 


(34.34). Constituent lines doubtless persist in characteristic 
processes of reproduction; this seems necessary if there is to 
be anything like growth and differentiation in planes. 

(34.385). Planes exhibit many (34.351) degrees of resem- 
blance, evident in ‘‘similar’’ figures, with accompanying 
(34.352) differences. These resemblances and differences are 
indispensable for (34.353) classifications, for example of poly- 
gons into different classes according to the number of sides; 
of curves into families; of conic sections into ellipses, circles, 
hyperboles, ete. Sometimes differences result in incommensura- 
bilities, as between the areas of squares and circles. 

(34.36). Arrangements in series are numerous, and in them 
(34.361) directional properties may be important. Series may 
be (34.362) made up of (34.3621) cognate planes of the same 
degree of complexity, as the series of parallel planes in the 
space of our time, which Whitehead regards as merely the 
‘Series of intersections with a series of moments of another time- 
system.‘® For Veblen, the theory of measurement of areas of 
regions in a plane depends on showing how to arrange the areas 
in (34.3622) the order of magnitude.*” Series may be even 
made up of (34.3623) planes belonging to successive ‘‘genera- 
tions,’’ or processes of reproduction, although it is not clear 
that this would have practical value or theoretical interest. 
Series may be (84.3631) determinate or (34.3632) indeter- 
minate. 

(34.387). Certain periodic properties appear in connection 
with serial arrangements of Riemann surfaces in accordance 
with the number of their rotations, as in the curve of sines.’® 


(34.38). The lack of significance of any serial arrangement of 
planes in the order of “ generation” makes whatever might be said of 
theories corresponding to biological heredity seem superfluous. The 
only reason for including them is to show that plausible statements 
may be made in accordance with the epitomizing parallels in other 
realms. Granting that there are such reproductive series, it appears 
that the (34.380) general considerations applying in other realms also 

16 A, N. Whitehead, Principle of Relativity, p. 60. 

170. Veblen, in J. W. A. Young, ed., op. cit., p. 46. 

18 W. A. Wilson and J. I. Tracy, Analytic Geometry, 1925, p. 186. 
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apply here. Apparently there must be a certain (34.3803) transfer- 
ence of instants, whether there is of points or not; in other words, 
planes of two “generations”? must somewhere overlap in time, or be 
simultaneous, if there is to be continuity between them. Most eases 
of linkage and association considered elsewhere correspond to those 
here. Thus the linkages and associations of planes may involve 
monads of (34.3811) later levels, like multi-dimensional solids, and 
be either (34.38111) subordinate, (34.38112) coordinate, or (34.38113) 
mutual. The same may be said for (34.3812) linkages and associa- 
tions of planes with other planes, as represented by those of Rie- 
mann surfaces with other Riemann surfaces. Since planes of this 
level may, on our assumption, be very complex, we may even con- 
sider relationships of Riemann surfaces and outer regions in the 
same plane, but these may be disregarded. As regards the relation- 
ships of Riemann surfaces in different planes, in the latter we might 
(34.381211) distinguish between planes originating by “ fission ” or 
by the “ bi-parental ” process. Proceeding into more detailed analy- 
sis, we might consider (34.3813) relationships of constituent angles 
of 360°, distinguishing between those of different Riemann surfaces, 
and those within a given Riemann surface. The results of the divi- 
sion of the angles of 360° may be taken either as (34.38131) sub- 
ordinate or (34.38132) coordinate. 

We have supposed that such divisions (compare 33.32113) (1) give 
rise to closely similar, though of course not identical half-sheets, some 
of which may contain markedly contrasted elements; (2) tend to keep 
constant the number of half-sheets and sheets, although they do not 
necessarily keep the content identical; and (3) tend to keep similar 
the specific processes of appropriation and rejection of the given 
sheets, although these may he subject to gradual modification, espe- 
cially in connection with transformations of coordinates. Finally, the 
hypothesis as outlined (4) points to linkages of half-sheets and their 
elements which are essential to the parallelism with Mendelian heredity. 

In connection with sheets in the Riemann surfaces, the subordinate 
and coordinate relationships together would doubtless accommodate the 
data concerning the differences in number of angles of 360° in the 
original Riemann surfaces (see 34.3333). The data may be regarded 
as exhibiting subordinate relationships between angles of 180° be- 
longing to different ‘“ generations,’ and coordinate relationships be- 
tween angles of 180° in the new plane. For ?? (34.38133) mutual 
relationships, mutual interactions would be required. If angles of 
180°, the results of “tetradic ” divisions, were distributed at random 
among the Riemann surfaces of a first “generation” of planes, and 
again among the Riemann surfaces of a second “ generation,” we 
should obtain statistically results which would be compounds of the 
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results with regard to positions along the diameters, and which might 
be formulated in terms of such positions. 

In fact, we might consider (34.3814) constituent positions or points 
along the diameters of Riemann surfaces, and in the same or different 
Riemann surfaces. One of the original planes might turn out to be 
of more importance in the result than the other, especially as re- 
gards its peripheral regions. In connection with the (34.38141) sub- 
ordinate as well as (34.38142) coordinate relationships of positions, 
one would need to consider variations, particularly those traced to 
modifications in reductional processes (see 34.33247). There may 
be (34.38143) mutual relationships of positions and points (see 
34.332475). The positions, whether they are accumulated in or absent 
from the XY and XO types of surfaces, evidently represent differences 
linked with the differences in number of angles of 180°. When paired 
positions, p,, p., from different half-sheets are distributed statistically 
through the intersecting Riemann surfaces we have statistically with 
respect to those positions pi p23 1 2; 1 Py .. ., ete., and when these 
Riemann surfaces with their positions are split and distributed again 
we have in the next “ generation ” statistically p: 13 71 2} 2 P13 P2 Pr 
if the positions of excluded, negatively directed angles of 360° were 
taken into account, we should have a more elaborate scheme—in the 
notation, 


{ (ps | -1) | (2 | -p2)} + {(-p2 | 1) | (-12 | 2) } 


This, it will be observed, affords a parallelism with corresponding 
monads of other realms. 


(34.41). Whatever might be said concerning disintegration 
of planes would exhibit the same principles as in the ease of 
lines. It (84.411) extends to constituent monads; is (84.412) 
often brought about through the agency of cognate monads, as 
when one plane cuts another; and (34.418) is especially evident 
when some constituents as a result of their interactions are 
reduced to zero. Thus the three components of a vector may 
vanish for a system of Cartesian coordinates.’® | 

(34,42). Planes may of course be aggregated—for example, 
in ‘‘sheaves,’’ ?° 

(34.43). Just as two lines taken together may constitute a 
plane, so two planes taken together may constitute a solid, or 
monad of a higher level. These solids we shall call world- 
solids, to indicate that in them the time-dimension is included. 
19 A. Einstein, The Meaning of Relativity, transl. E. P. Adams, 1923, p. 
12. 

20 T. F. Holgate, in J. W. A. Young, ed., op. cit., p. 73. 
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(34.44). Within world-solids, constituent planes may 
(34.441) remain conspicuous, as in surfaces, or (34.442) new 
planes may be differentiated. 


World-Solids 


(35.00). Without expanding the treatment of later monads 
into a chapter, let us note that the monads called world-solids 
are four-dimensional and are to be regarded as the same as those 
usually treated as such, although in our treatment above, in 
which dimensionality has been regarded as a property of order,”* 
the time-dimension has been taken to be the ‘‘first’’ or at most 
the ‘‘second’’ dimension, and our fourth dimension here is like 
the third dimension of ordinary space. 

(35.10). Whitehead says that a three-dimensional locus of 
event-particles which is the common portion of the boundary 
of two adjoined events is by definition a solid; a solid thus 
defined is a mere aggregate of event-particles illustrating a 
certain quality of position.2? The latter statement may be taken 
to imply individuation (35.11) relative to (35.112) prior geo- 
metric-kinematical monads, and at the same time, when it is 
remembered that the method is extensive abstraction, to indi- 
cate that individuation, since it can be approached from either 
direction, is (85.12) convergent. Here may be noted the im- 
portant fact that (35.1181) one system of coordinates may 
serve as a frame of reference for another system. 

(35.13). The properties of solids offer such well recognized 
analogies to those of planes that there is no need to elaborate 
the details in order to demonstrate what, in accordance with 
our general hypothesis, we construe as epitomization of geo- 
metrical monads at one level by those of other levels. And the 
addition of a time-dimension, although it greatly complicates 
the classical treatments of solids in space only, does not essen- 
tially modify the analogies between figures of various numbers 
of dimensions. 

(35.20). What has just been said regarding the individua- 
tions of world-solids holds in principle for their interactions. 
Examples of (35.24) persistent interactions are seen in conic 
sections, corresponding to the general equation of the second 


21cf. A. 8S. Eddington, Space, Time, and Gravitation, p. 14. 
22 A, N. Whitehead, Concept of Nature, p. 101. 
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degree.** The (35.25) differentiations of structure are more 
complicated. Some of the (85.252) effects of interactions upon 
structure may be considered as relativity transformations (see 
41.111). Differentiations as regards (35.2532) prior monads 
may here include the three Cartesian coordinate axes, although 
such prior monads may, as lines, be found also in the milieu of 
a solid (see 35.112). It is usual to add a fourth coordinate for 
the time-dimension, and to account, for instance, for the per- 
sistence of a three-dimensional solid as a kind of streaming 
through time. Eddington ** maintains that the current repre- 
sentation of an enduring world as a three-dimensional space 
leaping from instant to instant through time is an unsuccessful 
attempt to separate time and space. He substitutes for this an 
hour-glass figure or series of such figures. But his hour-glasses, 
while they restore a fundamental differentiation between time 
and space, afford, as he says, not a distinction between time and 
space as they appear in a space-time frame, but between tem- 
poral and spatial relations. We should say that these temporal 
and spatial relations which he differentiates are not ordinary 
relationships, but are the exceptional or ultimate relationships 
which concern what he calls an ‘‘absolute elsewhere,’’ which 
can not be reached without exceeding the velocity of light. He 
seems to neglect ordinary spatial relationships in two ways. 
First, his hour-glasses are drawn through each point of the 
world considered in turn as Here-Now. But the lines regarded 
as absolute, because all observers from Here-Now agree about 
them, are called Seen-Now lines, whereas, if anything, they 
should be called ‘‘Seen-Here-Now lines’’ and should provide 
for ordinary relationships in space as well as time. Similarly, 
when he retreats into his inner mind, there is, as is usual among 
introspectionists and idealists, a neglect of those spatial rela- 
tionships which pertain to the body. Mind seems to Edding- 
ton, as to Bergson and others, to be able to cling to time and 
to despise space, but for us this apparent cleavage is due to the 
fact that mind is so inaccessible, so pivotal in the world, and 
develops end-reaction complexes in which the time relationships 
are so prominent. Space and time are essentially inseparable, 
and so far as consciousness is concerned, consciousness of the 
one involves consciousness of the other. 


23 A. N. Whitehead, Introduction to Mathematics, pp. 141f. 
24 A, S, Eddington, Nature of the Physical World, pp. 37, 47ff. 
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Just as, on account of the light, it is virtually in the solar 
system that living organisms in the earth develop, and just as, on 
account of language, it is virtually in society that minds in indi- 
vidual organisms develop, so (35.2534) it may be essentially in 
the four-dimensional manifold that radiations or electrons de- 
velop (see 40.00). At any rate according to Eddington, it is 
claimed that Weyl’s theory of the electromagnetic field shows 
to some extent why the world is four-dimensional. To the 
mathematician it seems easy to generalize a world of  dimen- 
sions, but there are some essential properties, which exist only for 
four dimensions, without which it could not be a world.?> White- 
head holds that the aggregate of event-particles forms a four- 
dimensional manifold. But the Euclidean property of space 
arises from the parabolic property of time, and perhaps we 
should adopt a hyperbolic theory of time not yet worked out.?® 

(35.26). Some of the processes interpretable in terms of regu- 
lation are important—especially the (85.262, 35.263) regulations 
discernible in invariant formulae, when a formula in terms of 
coordinates of relevant event-particles gives the same value for 
scalar quantities whatever coordinate system be employed.?’ 
Invariants are not the only forms by which we can give expres- 
sion to the independence of the particular choice of Cartesian 
coordinates; vectors and tensors are other forms of such ex- 
pression. A vector, thus regarded, is the ensemble of three 
quantities which are defined for every system of Cartesian ¢o- 
ordinates and which transform as the components of an inter- 
val.28 When tensors are defined with respect to any system of 
coordinates by a number of functions of the coordinates ealled 
the components of the tensors, there are certain rules by which 
these components can be calculated for a new system of coordi- 
nates, if they are known for the original system and if the trans- 
formation connecting the two systems is known.”® Here as else- 
where, the line of distinction between different types of regula- 
tion is not precise. 

(35.30). There is no clear light on possible processes of repro- 
duction in such solids; the presumption would be that some at 

25 A. §. Eddington, Space, Time, and Gravitation, p. 178. 

26 A, N. Whitehead, Concept of Nature, pp. 95, 100. 

27 A. N. Whitehead, Principle of Relativity, p. 140. 

28 A, Einstein, Meaning of Relativity, pp. 11f. 


29 A, Einstein, ‘‘The Foundation of the General Theory of Relativity’’ 
in H. A. Lorentz and others, Principle of Relativity, p. 121. 
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least could be construed after epitomizing parallelisms or 
analogies noted elsewhere. 

(35.41). Processes of disintegration, (35.42) aggregation, and 
(35.48) integration might be readily assumed. The integration 
would lead to monads of a still higher number of dimensions, 
which might have little or nothing to do with the evolution of 
radiations and the cosmogonic realm, but which might none the 
less subsist as mathematical entities and help to make up the 
milieu of the cosmogonic. 


Geometric-Kinematical Monads of Higher Dimensions 


(36.00-88.00). There is no need to develop the details of an 
argument to the effect that the monads of higher dimensions ex- 
hibit the monadic characteristics. We may note merely that 
(36.2532, ete.) the Gaussian coordinates are generalizations of 
the Cartesian system,®*° and that as regards the generalized eal- 
culus of (36.262, 36.263) tensors, Riemann extended Gauss’s 
line of thought to continua of any number of dimensions.*+ 

. (‘£39.00’’) . . . There is no reason for a mathematician 
to limit the number of dimensions of these monads in their 
‘‘hyperspaces.’’ *2. To indicate this our numbering in the deci- 
mal system is peculiarly inadequate. 

Eddington says that his theory of gravitation can be inter- 
preted from the standpoint of a ten-dimensional Euclidean con- 
tinuum in which space-time is conceived as a particular four- 
dimensional surface.*? Wave-mechanics also makes remarkable 
demands in the way of additional dimensions.** Our distinct- 
tion between the geometric-kinematical and the cosmogonic realm 
contained within it helps to show why it is so easy for mathe- 
matics to outrun physics in the number of dimensions with which 
it deals. 


80 A, Hinstein, Relatwity, The Special and General Theory, transl. by 
R. W. Lawson, 1921, sixth edition, p. 90. 

81 A, Einstein, Meaning of Relativity, p. 72. 

82 cf. C. J. Keyser, The Human Worth of Rigorous Thinking, p. 256; 
Mathematical Philosophy, p. 341. 

83 A. S. Eddington, Space, Time, and Gravitation, ag p. 91. cf. Na- 
ture of the Physical World, p. 159. 

84 J. H. Jeans, The Mysterious Universe, p. 129. 
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CHAPTER XXXIV 


SomE RELATIONSHIPS BeTwEEN REALMS: THE EPITOMIZATION 
HYPOTHESIS AND CONTEMPORARY PHILOSOPHY 


“There is now a great ferment in natural and mathematical philos- 
ophy, and the times seem ripe for a new system of nature.” 


G. Santayana, Scepticism and Animal Faith, 1923, p. ix. 


“ Knowledge of actual structure and process of existence has reached 
a point where a philosophy which has the will to use knowledge has 
guidance and support.” 


J. Dewey, The Quest for Certainty, 1929, p. 295. 


1. in Chapter XX we indicated that according to our hypothe- 
sis the cosmogonic, biotic, and neuropsychological realms exhibit 
relationships of (1) epitomization by levels, (2) epitomization by 
realms, (3) persistence in later realms of characteristic interac- 
tions, (4) disintegration into prior realms, (5) container and 
contained, (6) cumulative coordination, (7) refraction, and (8) 
genetic continuity with generic discontinuity. The questions 
now arise whether these relationships between the existent realms 
obtain also between the realms we have called prior and subsist- 
ent, and then whether the relationships may be affirmed of the 
whole series of six realms taken in the order logical, numerical, 
geometric-kinematical, cosmogonic, biotic, and neuropsychologi- 
eal. 

2. There seem to be among subsistent realms the relationships 
of epitomization by levels and realms. It should be apparent 
from the long examination of the data that such an argument is 
plausible, and that the six realms seem on the whole to exhibit 
a succession of levels in which the four monadic characteristics 
are repeated in the regular way. Again, as regards epitomiza- 
tion by realms, the relationships traced between the existent 
realms seem to hold. Thus just as the cosmogonic realm begins 
with radiations which are not material but which lead up to the 
material, so the logical realm begins with a level of possibilities 
which are pre-propositional but which lead up to propositions; 
again, the numerical realm begins with a level of correlate 
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classes which are not numerical but which may be said to lead 
up to numbers; and, once more, the geometric-kinematical realm 
begins with a level of series of powers of numbers which are not 
geometrical constructions but which may be said to lead up to 
geometrical constructions. Again, the monads called respec- 
tively bodies of propositions, powers of numbers, and planes ex- 
hibit complicated differentiations of structure and, according to 
our hypothesis, processes associated with reproduction which are 
found in astronomical bodies, multicellular organisms, and pat- 
tern-conductions, but which are not found at levels not numbered 
with 4 in the unit column. Once more, since the monads placed 
at the head of the respective columns of the subsistent realms all 
admit at least a possibility of higher levels, all six realms seem 
to admit parallelisms in this respect also. 

From this examination of the data, the relationships accord- 
ing to which life stands to matter as mind stands to life can be 
viewed in general as obtaining between each of the realms and 
its successor, where it has any. The whole hypothesis then ean 
be diagrammed with the pyramidal scheme, providing not 
merely ‘‘above ground’’ for the three existent realms usually 
named, but for three subsistent realms as a ‘‘substructure.”’ 

The question may be asked, why the series of realms is not 
taken in the order cosmogoniec, biotic, neuropsychological, logi- 
eal, numerical, and geometric-kinematical—the order employed 
for introductory purposes and purposes of clarification in this dis- 
eussion, but not the order of our decimal numbering which ex- 
presses what we take to be the metaphysical sequence. The 
alternative arrangement as suggested would make the physical 
universe primary and the logical and mathematical realms emer- 
gent within our neuropsychological structures and processes. 
There is no easy answer to this, one of the most comprehensive 
problems of metaphysics. But the arrangement in the order 
of our decimal numbering appears to have at least six advan- 
tages. In the first place, the initial level considered, that of 
pure abstract possibilities, affords a broader basis for the cosmos 
than the initial level of the cosmogonic, which we took to be dis- 
tributions of energy. Secondly, the indications multiply that 
such distributions of energy are themselves to be traced to some 
earlier state of affairs; as G. N. Lewis puts it, energy itself is 
now regarded as an arbitrary cross-section of a greater entity, 
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the tensor.t Again, the relationships between realms indicated 
in processes of disintegration (see 00.413) seem to work more 
smoothly when the realms are taken in our decimal order; there 
is no point in saying, for example, that the logical breaks down 
into the neuropsychological, for the logical has about it a quality 
of most stubborn persistence, so stubborn that the only place 
suited to the logical seems to be that of the initial member of the 
series of realms. Moreover, other relationships between the logi- 
eal and the neuropsychological monads seem to be covered ade- 
quately by considering persistent interactions of the former as 
constituent monads of the latter (see 64.2411). Once more, the 
last level considered in our decimal numbering, that of person- 
alities, seems to exhibit more concrete and highly coordinated 
monads than those figures in hyperspaces which would occupy 
the culminating level if the geometric-kinematical realm were to 
be regarded as coming last. And finally, the whole system is 
now ‘‘open at the top’’ for the possible addition of a spiritual 
realm (see 64.2534). Perhaps the Super-realm of the Subsistent 
and that of the Existent need something to complete their co- 
ordinations, somewhat, though by no means precisely, as Hegel’s 
Idea and Nature wait for Spirit to effect their synthesis. 

3. Some of the detailed analogies and parallels between ex- 
istent realms seem to be encountered in the subsistent realms 
also. We have held that the relationship of persistence of char- 
acteristic interactions on the part of constituent monads obtains 
between realms. This means that the logical properties of num- 
bers are due to constituent logical monads; similarly, that the 
logical and numerical properties of geometrical figures are due 
to constituent logical and numerical monads—in the latter case, 
for example, when a point is taken to be the series of its eoordi- 
nates—and that the logical, numerical, and geometric-kinemati- 
cal properties of matter are due to relationships similar but more 
complex. The relationship of persistence seems to be simpler 
and more evident from the empirical data than any so-called 
ingression.?, According to our view, the monads of the subsist- 
ent might be said to have their ingression into the existent world 
not from above, but from below, although the obvious points in 
common with Platonism ought not to be obscured by a spatial 
metaphor. 


1G. N. Lewis, The Anatomy of Science, 1926, p. 141. 
2A. N. Whitehead, The Concept of Nature, pp. 144f. 
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With regard to the disintegration of a monad of one realm into 
a preceding realm, no case in a subsistent is quite so clear as that 
of the death of an organism or the discharge of a reflex, but the 
vanishing of a coordinate, the solution of an equation by setting 
it equal to zero, and the dismissal of a logical proposition as non- 
possible seem to offer features, especially of enotative reference, 
which makes it possible to set them in parallel. 

4. Any proposed extension of the relationship of container 
and contained calls for special consideration. There is no great 
difficulty in supposing that it obtains between the geometric- 
kinematical and the cosmogonic; the discrepancies which, accord- 
ing to our view, are the disturbances which we know as radia- 
tions are discrepancies ‘‘contained’’ in space-time frames, and 
the situation which we describe as space-time is characteristic of 
a realm of pure geometry-kinematics. Even the statement that 
the realm of geometry-kinematics is contained in that of number 
is plausible enough when we speak of each point-instant as a seg- 
ment of a series of powers of a number; the relationship of ‘‘con- 
tained in’’ for this realm is not spatial, since spatial relationship 
has not as yet arisen, but the relationship of inclusion is clear. 
We may go on to say that the numerical realm is ‘‘contained’’ in 
the logical, but if so this must be understood in the sense of 
logical inclusion or subsumption, where a class subsumes a par- 
ticular class of subordinate classes, or is subsumed under a more 
general class of classes. Against this it may be argued that it 
is unjustifiable to pass in this way from spatial relationships 
of container and contained to numerical and logical relationships 
of inclusion ; but it may be replied that, after all, such a passage 
is just what might be expected in a world characterized by de- 
creasing control between realms, as well as by genetic continuity 
and generic discontinuity. 

5. It is not at once evident that the three subsistent realms ex- 
hibit cumulative coordination. Upon examination, however, it 
appears that there is at least a progressive narrowing of the possi- 
bilities, correlate classes, and series of powers of numbers con- 
sidered, and that this progressive narrowing is correlated 
with a progressive complexifying of monads developed in the 
various milieus. Moreover, the interactions of the monads 
of each later level typically occur with monads of all preced- 
ing levels, becoming progressively more and more intricate. 
Or, if differentiations as well as integrations are taken into ac- 
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count, the interactions become more and more intricate by reason 
of certain convergences. It could perhaps hardly be said that 
numbers introduce a regulatory factor into the logical realm, or 
that geometrical figures introduce a regulatory factor into the 
numerical realm, or that the cosmogonie structures in turn regu- 
late the geometric-kinematical monads. But it might at least be 
said that within each realm taken as a milieu, the monads of the 
later realm represent a partial distribution or order, the con- 
stituents of which mutually interact with one another and with 
their milieu, and that it is within such a matrix that the process 
more familiar to us as ‘‘regulation’’ of the cosmogoniec by the 
biotic, and of the biotic by the neuropsychological, progressively 
develops. 

As regards ‘‘refractions,’’ there seems to be nothing to add to 
the preliminary considerations of Chapter XXI, 6, unless it 
might be that no other view seems so consistent with the orderly 
run of structures and processes in the data. The relationships 
of relative accessibility and decreasing control seem to obtain 
between the neuropsychological and the subsistent realms even 
more than between the biotic and the cosmogonie. 

6. The question whether or not there is genetic continuity and 
generic discontinuity between the subsistent realms and between 
the geometric-kinematical and the cosmogonic realms involves 
some consideration of evolution. We noted that evolution as 
ordinarily understood implies time, just as the metaphor of 
‘“levels’’ originally implies spatial relationships, but that these 
notions might have to be replaced by a more inclusive notion of 
‘‘eonfiguration,’’ ‘‘distribution,’’ or ‘‘type of order.’’ Every- 
thing in the detailed examination of the data seems now to bear 
out this statement. It appears that the notion of evolution is 
applicable to the existent, but that the notions involving order 
are more general. Evolution is to be regarded as a particular 
type of order in the progressive segregation of existent monads. 
For some of the subsistent it is perhaps, like the spatial term 
‘“levels,’’ a useful metaphor. 

7. The foregoing considerations lead to a general summary. 
Strengthened in our hypothesis by the evidence and inferences 
which have been used in our survey of the data of the subsistent 
realms, we maintain that logic, number, geometry-kinematics, 
matter, life, and mind form a progressive series of realms, each 
with its monads of different levels exhibiting analogous monadie 
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characteristics, and each capable of being set in parallelisms 
whereby each one after the first is an epitome of its predecessor. 

8. We shall conclude by noting briefly some of the bearings of 
the hypothesis of epitomization, with its relationships between 
realms, upon problems discussed in contemporary philosophy— 
first, the doctrine of subsistent essences. According to the view 
here taken, the writers who, with Santayana, regard colors and 
the like as essences whose logical and aesthetic character is 
all the reality they have,* or, with Alexander, see in the primary 
and secondary qualities whole metaphysical levels or realms, run 
the risk of reading a neuropsychological process back into the 
structure of the world, and so of advocating what Lovejoy, re- 
ferring chiefly to panpsychism, has called ‘‘retrotensive’’ 4 
theories. The retrotensive theories are not necessarily wrong, 
but ought to be studied together in the light which they throw 
upon one another. According to our view, real subsistents are 
to be found in the realms of logic, number, and geometry-kine- 
matics, but, on the most economical interpretation, these subsist- 
ents seem to be certain inevitable logical forms, rather than any 
exemplification of those forms in contentful propositions, and 
seem to be certain numerical and geometric-kinematical struc- 
tures, rather than any other particular object or objects, ex- 
perience or experiences. The aesthetic is a variant reading of 
the subsistent in some of its more subtle refractions; it is a sen- 
suous logic, an unverbalized language. 

9. When essences are interpreted with a psychological tinge, 
this raises the problem of mind in nature. It appears that our 
minds are contained in nature, and that they epitomize the rest of 
nature. But there seems to be no reason for saying that the 
world of nature constitutes a Great Mind; rather it is mind 
which constitutes a ‘‘little world,’’ or microcosm of the whole.® 

According to our hypothesis, it is not necessary to read the 
qualities of our perceptions or the contents of our concepts back 
into any prior logical realms, any more than it is necessary, with 
panpsychism, to read certain qualities of our feelings, or, with 
hylozoism, certain qualities of our metabolism back into the 
physical cosmos. There are good reasons for such confusions, 
and some of the reasons appear when epitomizations and their 


3 See G. Santayana, in D. Drake, ed., Essays in Critical Realism, 1921, p. 
182; Scepticism and Animal Faith, 1923, pp. 73f. 

4A. QO. Lovejoy, Sixth International Congress of Philosophy, Proceedings, 
p. 30. 

5 See G. P. Conger, A Course in Philosophy, pp. 203, 227. 
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implications are discerned. For instance, because of the cumu- 
lative coordinations found in the cosmos, we see everything 
from the realm, or levels, or point of view of mind, forgetting 
that mind is the result of long-repeated processes of integration 
and differentiation, and that the apex of the pyramid is not the 
base. Again, the cosmos at every level exhibits processes of ap- 
propriation and rejection which are at least analogous to those 
of mind, and it is easy to confuse those of the later with those of 
the earlier levels. Once more, there is a certain continuity be- 
tween mind and nature, because the neuropsychological struc- 
tures have their way of disintegrating into monads of prior 
realms. But along with all these resemblances between realms, 
certainly there are important differences which are lost when 
mind or even any of its specific qualities are ascribed to nature. 
There is, of course, a sense in which our whole experience, whether 
analyzed or not, since it is minded, may be ealled a realm of 
mind; but this is for us another way of saying that neuropsycho- 
logical monads interact with monads of prior levels, appropri- 
ating and rejecting them in characteristic ways. Or, mind may 
be ascribed to nature under careful cautions and re-definition 
such as Alexander has employed,® but even careful re-definition 
of this term is likely to be misleading. Or, once more, it may 
be said that a metaphysics like that of the epitomization hypothe- 
sis, with its realms and levels beginning with possibilities and 
culminating in personalities, and with its acknowledgement that 
the notion of levels is only a metaphor, may well allow the apical 
‘level’? to merge with the initial and other levels. The great 
objection here is not that the notion of levels, or even that of evo- 
lution, is to be applied so universally or taken so seriously, but 
that the relationship of containing and contained and the char- 
acteristic of segregation are, and that these latter make necessary 
the recognition of essential differences throughout the cosmos. 
What is needed is not a generalization of mind, but rather a gen- 
eralization of all structures and processes characteristic of the 
cosmos. Mind itself is but one of the processes, but it exhibits 
in a unique way and at a kind of pivotal position the character- 


6S. Alexander, Space, Time, and Deity, Vol. 2, pp. 387ff., 67. J. S. Hal- 
dane, in The Sciences and Philosophy, 1929, pp. 78, 102, 289, holds that 
emergent evolutionism and kindred theories are not clearly thought out, and 
argues from the lack of definite demarcations between mind, life, and 
matter to an idealistic metaphysics. 
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istics of others which are its parallels and of which it is an epit- 
ome. Emphasis upon the unique process and pivotal position of 
mind, especially in view of what we have called cumulative co- 
ordination, affords a point of contact between the epitomization 
hypothesis and speculative idealism. 

10. Our next point concerns the problem of validity in, logie. 
In the foregoing chapters, the realm of logic has been treated 
as a realm of purely formal monads, prior to and essentially 
independent of cosmogonic and other existent conditions. The 
hypothesis of epitomization, with its repetitions of analogous 
structures and processes at successive levels, offers a new under- 
standing of interpretations of logical systems or system-forms ; 
such interpretations as are shown in the five realms which epit- 
omize the logical realm bear witness to a certain primary status 
of pure logic as a science of structure, although they do not sign 
over to logic the domain proper to metaphysics. So far as our 
realm of pure logic is concerned, any interpretations which are 
structurally correct, 7.e., which exhibit the monadic character- 
istics, may be regarded as interpretations or exemplifications 
of the subsistent, whereas applied logic is bound up with ‘‘mate- 
rial implication’’ and problems of truth and error. 

According to the view here taken, the problem of validity in 
logic is twofold; there is a formal and a material validity. For- 
mally, if we seek to detect interrelationships of logical monads, 
irrespective of content, the problem of validity, at least for a 
realist, may be said to be confined to the realm of pure logic. 
But such formal validity is traceable to restrictions in choices 
of postulates, premises, or those relationships called implications 
(see 14.88132), or else, even if it yields the monadic character- 
istics, is lost in a series of possibilities and near-tautologies (see 
10.00, 11.00). On the other hand, material validity involves re- 
lationships between realms, especially between our neuropsycho- 
logical patterns, ete., and monads of other existent realms, when 
we attempt to establish the meaning or content of our judgments. 
Any neuropsychological language- or idea-pattern has a struc- 
ture and processes conformable to the logical structures and 
processes which are persistent in it; but if materially valid it is 
also in a relationship with the biotic and cosmogonie realms which 
enables the organism in which the pattern belongs to make at 
least a more nearly successful adjustment in those realms. 

This may be said to be the pragmatic test, but it is the prag- 
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matism of method rather than of metaphysics, and it carries 
with it essential features of the correspondence and coherence 
theories of truth. No adjustment is successful which does not 
involve proximately correspondence and ultimately coherence. 
An idea, in order to be true, does not need to be expressed in lan- 
guage, nor even put to the pragmatic test, but it has to be ad- 
justed to the universe and other ideas and capable of meeting the 
pragmatic test when it comes. It may be added that these are 
the criteria to which it is desired to submit the epitomization 
hypothesis itself, as eventually it is applied to the problems of 
man’s adjustment to the universe. 

11. The problem of man’s place in the universe is a problem 
of the adjustment of the most intricate structures, those of man’s 
mind in society, to the most inclusive structure of structures, 
the universe. Mind in the individual body and in society ap- 
pears to be the epitome of life in the earth and in the universe, 
and the organization and adjustment of mind in society must 
throw some light on the organization and adjustment of life in 
the universe. We might say that the validity of an idea epito- 
mizes the cosmic adjustment of a personality, and the cosmic 
adjustment of a personality is religion. Since an adjustment 
may be at once positive and negative, this definition of religion 
does not necessarily identify the whole universe with the object 
of religious worship, or God. And since the cosmic process 
comes to its epitome and focus in mind in society, God, even 
if ‘‘He’’ is not a Mind and not a Person ‘‘in and by Himself,’’ 
is at least to be approached by us in ways that are intelligent, 
personal, and therefore social. Since the cosmic process eul- 
minates in such adjustments, the object of religion, although 
not an individuate person like one of us, nor a corporate person 
like one of our organizations, may be called a ‘‘culminate Per- 
son.’’ The plan of this book brings us merely to this threshold 
of ethics and philosophy of religion, which are to be discussed in 
work in preparation. 

12. In this discussion many problems which have been tra- 
ditional in metaphysics and are often still prominent in con- 
temporary thought have been almost disregarded; examples are 
the problems of substance, cause and effect, wuty and plurality, 
and teleology. The emphasis in this book has been upon em- 
pirical evidence; this has helped to direct us to a general em- 
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phasis upon structures rather than upon substance.? But some 
of the structures in the world are viewed as subsistent, and any 
of our three subsistent realms may be said to exhibit some 
characteristics of substance as portrayed in the traditional doc- 
trines. In our discussion some attention has been paid to 
attributes, in connection with terms (see 13.25321). There has 
been no detailed nor connected attempt to discuss problems of 
causation; some of our analysis of interactions, particularly of 
the non-incorporative interactions, would be quite in accord 
with traditional views here, but at the same time the facts that 
individuation is relative, that interactions are selective, and that 
there are differences between cognate monads would make quite 
admissible the more recent view that causation rests upon sta- 
tistical treatments of data.* As regards unity and plurality, 
both may be detected in various aspects of the data; perhaps 
this is about all that can be said on this very abstract problem. 

The succession of orderly structures and processes exhibited 
in the course of our discussion seems to make easy certain in- 
ferences concerning teleology. If by teleology is meant a con- 
scious purpose or intention on the part of a Cosmic Mind or 
God, there appears to be nothing in our study of the data either 
to substantiate it or disprove it, but if by teleology is meant only 
that there is a tendency or Nisus, operating perhaps with a 
certain orthogenesis and producing certain types of structure 
rather than certain other types, then the data may be said to 
support it. This Nisus, it would seem, is not to be called spirit 
in the traditional sense of the latter term. If it can be called 
spirit, we might say with partial accuracy that spirit is difference 
of level in matter, and spirituality is difference of level in mind. 

13. The general metaphysical position may be called syn- 
thetic or synoptic naturalism. The hypothesis of epitomization 
is here presented as a metaphysics with distinctive features in 
the detailed examination of the data and in the analogies and 
parallelisms which, by combining empirical evidence and plausi- 
ble inference, are exhibited between the various levels and 
realms. But along with all the parallelisms, it must be remem- 
bered that each level presents monads with distinctive differ- 
ences. The monads of each level interact with other monads 
in characteristic ways, whether the level be that of atom, cell, 


tef. F. J. E. Woodbridge, ‘‘Structure,’’ Jour. Phil., 14, 1917, pp. 68077. 
8 See A. S. Eddington, Nature of the Physical World, pp. 298ff. 
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reflex arc, or whatever it be. This general principle seems to 
make it possible to say that in a monad like a value, a self, or 
a personality, there may be interactions too distinctive to be 
reduced without loss to the level of those language-patterns 
which we call ideas. No one can demonstrate this analytically 
without wrecking the very data he is concerned to establish. 
But although it can not be thought out, it can be experienced, 
acted out, lived out. No theory of valuation is the equivalent 
of a value; no theory of personality is the equivalent of a per- 
sonality. In ways such as these, a synthetic naturalism may 
make contact with the great idealisms, may even serve as their 
foundation, and may provide the structure for a technique of 
their introspections and intuitions, although it can not share 
the mentalism of some of the schools. According to synthetic 
naturalism, the cosmos, starting with bare possibilities, cul- 
minates in social personalities, and each monad interacts with 
the others in its own way. There is, then, a genuineness in 
direct valuations, in self-development and self-realization, and, 
beyond all in those fresh unstudied experiencings of personality 
which somehow seem to pierce the veil of the eternal. This does 
not mean that the universe is a Mind, or that the universe is a 
Person, but it does mean that the universe is not even the 
universe itself until minds and persons have wrought out their 
coordinations of its manifold structures and processes, its far- 
flung levels and realms. 
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absolute, 315, 373; — idealism, 393. 

absorption (chemistry), 124; (logic) 
396. 

abstraction, 301, 418. 

abstractive elements, 524; — hier- 
archies, 421f; — sets, 349, 513, 
524ff. 

accessibility of realms, 338/f, 355, 

— §82. 

acquired characters, 157. 

action, 37f, 76; — system, 142. 

active voice, 407. 

actual, 370. 

Adami, J. G., 127. 

addition, logical, 425, 527, 531; 
numerical, 47877. 

adhesion, 135. 

adjectives, 407. 

adjustment to universe, 585/. 

adolescence, 333. 

adsorption, 122, 124f, 172, 137. 

adverbs, 408, 410. 

aesthetic experience, 315, 328, 364, 
583. 

aether, 30, 38, 46, 75. 

affective tendencies, 249, 270, 279/f. 

afferent conduction, 232. 

affirmation, 353, 39077, 445. 

a fortiori’ arguments, 407. 

Africa, 207. 

aggregationt, 15. 

Alephs, 493. 

Alexander, S., vii, 13, 16, 28, 299, 
312, 317, 335, 398, 533*, 560, 583. 

algebra, 347, 475**, 522f. 


all-or-none law, 241. 

Allen, EB. J., 114, 127, 142. 

Allen, F. J., 162. 

Allen, H. 8., 52. 

alternation, 454/f; 
tions, 165. 

alternatives, 416f, 4417f. 

Altmann, R., 133. 

America, 207. 

Ames, E. S., 318. 

amino acids, 118f, 123, 128. 

analogy, vill, 5, 335, 420, 466. 

analytical judgment, 388, 408. 

anatomy, 216. 

Angell, J. R., 325. 

angles, 354, 544*; — of 360°, ete, 
545*, 561. 
See Riemann surfaces. 

animal psychology, 241, 294, 313; 
— societies, 177*, 192. 

animals, 149*. 

animism, 327, 340. 

anthropology, 199. 

appetites, 260. 

appositives, 390. 

appropriationst, 8; —, and rejec- 
tionst, 9. 

approximation, 490. 

a priori, 7, 345. 

Aristotelianism, 18. 

arithmetic, 475**. 

Arrhenius, §., 73. 

articulate sentences, 414. 

artificial fertilization, 169. 

Asia, 207. 

assertion, 365, 385. 
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assertive tie, 409, 412. 

assimilation, 264. 

association, 240, 277*, 297, 311; 
— areas, 280; — fibers, 280. 

associationism, 257, 392. 

associative law, 402, 479, 482. 

Aston, F. W., 59, 65, 68. 

astronomical bodies, 71*, 336. 

asymmetrical relations, 520. 

atmosphere, 159. 

atomic propositions, 350. 

atoms, 56*. 

attention, 261, 276, 326. 

attraction, grammatical, 408; physi- 
cal, 37, 50. 

attributes, 388*, 413, 587. 

augmentation and depletiont, 13. 

autonomic system, 261*, 295, 303, 
3297. 

auxiliary propositions, 
463. 

Aveling, F., 265 n. 43, 298 n. 37. 

averages, 489f. 

awareness 237. 

axioms, 463f, 469, 521. 
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bacteria, 147, 189. 
Bailey, S. I., 92. 
Baly, E. C., 115. 
Bard, P., 273. 
Bayliss, W. M., 125. 
Bechhold, H., 121*. 


behaviorism, 219, 237, 249, 321, 340, 


348f. 
Bentley, M., 263. 
Bergson, H., 39, 113, 163, 228, 254, 
287, 411, 539, 575. 
Bernard, H. M., 152. 
Bernard, L. L., 296*, 309/f. 
betweenness (geometry), 551. 
Bickerton, A. W., 85. 
Bidder, E. J., 128, 138. 
bilateral symmetry, 273, 280f. 
binary stars, 94*. 
binomical theorem, 512. 
biococci, 13377. 
biology, 111**. 
biometry, 170, 199. 
biophores, 131, 133. 
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biosphere, 209*. 

biotic realm, 2, 20f, 111**, 172, 178, 
192, 215*, 237, 272, 278, 302, 334, 
3377, 541, 578*. 

bi-parental reproductiont, 14. 

bi-polar cells, 233. 

Birkhoff, G. D., 26. 

Bliss, G. A., 478. 

Bode, B. H., 408, 415, 417. 

bodies of propositions, 431*. 

Bohn, E., 253. 

Bohr, N., 55, 64*. 

Boodin, J. E., 98, 209/f, 219, 264, 
271, 296, 312, 335*. 

Boole, G., 399, 405, 415. 

Boole-Schréder algebra, 4017, 436. 

Born, M., 49 n. 10. 

Bosanquet, B., 284, 330 n. 118, 334, 
383, 387*, 436*, 463, 565. 

Bose, J. C., 220, 226. 

boundaries (geometry), 560, 564. 

bounds of possibility, 373, 466. 

Boveri, Th., 134. 

Bovie, W. T., 228. 

Bozler, B., 237 n. 2. 

Bradley, F. H., 34 n. 53, 369*, 392*, 
442*, 483. 

Bragg, W., 54/f, 61, 65. 

Bridges, C. B., 125. 

Bridgman, P. W., 356. 

British Empire, 202. 

Broad, C. D., 19 n. 25, 26, 349, 519*, 
539, 546. 

de Broglie, L., 42, 45, 48, 53. 

Brouwer, L. EH. J., 347, 492 n. 41, 
514 n. 17. 

Brown, H. C., 266. 

Brown, P. M., 205. 

Bryce, J., 314. 

Buchanan, §., 369f. 
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calculus, 487, 525, 554, 565. 
Calkins, G. N., 144. 

Campbell, W. W., 73. 

Cannon, W. B., 259*, 295, 299. 
Cantor, G., 355, 492f, 496. 
carbon, 221; —- compounds, 114. 
carbonic acid, 114. 

cardinal, greatest, 494. 
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cardinal numbers, 475**. 

Cardozo, B., 419. 

carnivori, 180, 185. 

Carrel, A., 175, 290. 

carrying over (arithmetic), 
484f, 505. 

Cartesian coordinates, 520. See co- 
ordinates. 

Cason, H., 246. 

Cassen, B., 63. 

Castillon, G. F., 391, 402. 

categorical propositions, 440/f. 

cause and effect, 38, 382, 586f. 

cells, 132**. 

central and peripheral regionst, 13. 

cerebellum, 268, 274, 331. 

cerebral cortex, 268. 

cerebro-spinal system, 261, 
303, 330, 331. 

cerebrum, 274, 331. 

certainty, mathematical, 356. 

chain or circular reflexes, 227, 250, 
252f, 262. 

Chamberlin, T. C., 74*, 97f, 104, 114. 

Chambers, R., 230. 

character, 312. 

characterizing tie, 409. 

Charlier, C. V. L., 105. 

chemistry, see atoms, etc.; physio- 
logical —, 155. 

Child, C. M., 137*, 158*, 220*, 238%, 
285. 

chlorophyll, 155. 

chromaifine system, 263, 333. 

chromatin, 130, 132*, 150. 

chromidia, 134. 

chromosomes, 134, 139, 143, 145, 
147, 158, 1657, 199. 

chronaxies, 244, 246, 254, 295. 

chrono-geography, 519. 

circles, 571. 

circular reflexes, see chain reflexes. 

circulationt, 12. 

cities, 203, 207. 

Civilizations, extinct, 189, 205; —, 
racial or continental, 206*. 

clans, 193*. 

Clark, A. H., 153, 170. 

class concepts, 391, 425; — terms, 
416, 422; — of all classes, 465. 
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269*, 
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495, 427, 431*, 469; —, corre- 


late, 470*; ——- in one-one corre- 
spondence, 473*; —- of classes, 
351, 470. 

classificationt, 14; — in geometry, 
522. 


clonic reactions, ete., 238, 261, 279, 
284, 292, 298. 

closed series, 494, 510. 

closure, 301. 

clusters of clusters of spiral nebu- 
lae, 106. 

clusters of spiral nebulae, 105f. 

coelenterates, 333. 

Coghill, G. E., 308. 

cognate monads, 5. 

cognition, 331. 

Cohen, M. R., 355 n. 25, 514 n. 17. 

coherence, 586. 

Cohnheim, O., 121. 

coincidence (geometry), 530, 535; 
(physics), 31ff. 

collection, 426. 

collective judgment, 428; — mind, 
198; — nouns, 389. 

colloids, 121*. 

colonial organisms, 149*. 

colonization, 187. 

Comavirgo group, 105. 

combinations, 482, 497, 512. 

comets, 71*, 96. 

communication, 203, 329. 

commutative law, 479, 496. 

compact series, 492. 

complementary value, 313, 319. 

complex monadst, 7; —- numbers, 
477, 508, 562. 

complexes, 293*, 314. 

component societies, 185. 

composite functions, 458. 

Compton, A. H., 30, 78. 

Compton effect, 42, 60. 

concept, 415. 

conclusion, 416, 437, 441, 446, 457. 

concrete situation, 328; — univer- 
sal, 393, 411, 428, 452. 

concretion, principle of, 371. 

concretions, 377, 383, 388, 411. 

condensed series, 492, 494, 510. 
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conditioned equation, 483, 490; — 
reflex, etc., 243f, 252f, 264, 282, 
290. 

Condon, E. V., 49 n. 10. 

conduction, nervous, 216, 251, 266. 

configuration (metaphysics), 356; 
psychology), see Gestalt; — 
space, 560. 

conflictt, 11. 

congregation, 190. 

congruence, 40, 536, 549, 556, 562. 

conic sections, 571, 574. 

conjunction (logic), 406. 

Conklin, E. G., 140. 

consciousness, 237, 265f, 575. 

conservation of energy, etc., see en- 
tropy. 

consistency, 375f. 

constants, logical, 362; physical, 66. 

constituent monadst, 13. 

consummatory reactions, 291, 293, 
318. 

container and contained, 337, 581, 
584. 

contiguity, 538. 

continental civilizations, 206*. 

continents of order, 465. 

continuants, 335. 

continuity (logic and mathematics), 
8, 462, 492, 542, 551; (meta- 
physics), 582. 

continuum, 577. 

contractual theory, 178. 

contributory values, 315. 

control, 2, 355, 582. 

convergence, of abstractive sets, 
513; of monadst, 7, 582; of so- 
cial groups, 193. 

conversion (logic), 445. 

Cooley, C. H., 322, 324, 330. 

coordinates, 32, 38f, 76, 522f, 53177, 
536, 539, 542, 547, 555, 573f, 576. 

coordination, cumulative, 20, 159, 
178, 185, 216, 2187, 239, 255, 269, 
272, 274, 283, 287, 307, 315, 322, 
3387, 350, 354, 580f, 584, 588; — 
nervous, 235f, 256, 261, 264, 273, 
290. 

copy-theory, 392. 

corollaries, 462/. 
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corporate persons, 328. 

corpuscular theory, 30. 

correlate classes, 438, 470*. 

correspondence, classes in one-one, 
473*; — theory of truth, 586. 

Corey, C. E., 324. 

cosmogonic realm, 2, 20f, 24**, 172, 
178, 215f, 218, 220, 237, 272, 278, 
334, 337ff, 543, 560, 564, 576f. 
578*; — universe, 106*. 

countable numbers, 492. 

counting, 470, 491. 

courts, 198, 204. 

Coutourat, L., 391. 

covering, 526. 

creative synthesis, 18, 341, 349. See 
integration. 

Crile, G. W., 266, 268, 329. 

crossing-over of chromosomes, 167; 
of nerves, 268. 

erystalloids, 122, 124. 

crystals, 72, 79f, 159. 

eubic expression, 513. 

cumulative coordination, see coordi- 
nation. 

Curtis, H. D., 103. 

curves, 544, 546, 553. 
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Darwin, C., 133. 

Darwin, G. H., 99. 

Davison, C., 77. 

Davisson, C., 48. 

death, 147, 175, 189, 255, 581. 

decimal notation, 476; — numbering 
of text, 57°; — orders, 490, 502. 

Dedekind, R., 491f, 529. 

definition, 406, 440. 

De Gobineau, J. A., 208. 

degrees of equations, 497f, 513, 574. 

deity, 272. 

demes, 151. 

democracy, 198, 204. 

demonstratives, 387/f. 

De Morgan, A., 401. 

denial, 400/f, 445. 

dense class, 551; — series, 492. 

dependence (logic), 438, 447, 463; 
(metaphysics), 340. 

depletiont, see augmentationt. 
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determinables, ete., 415, 422, 446, 
459. 

determinants, 486. 

De Vries, H., 133. 

Dewey, J., 260*, 300*, 315*, 3377, 
389, 420, 440; — and Tufts, J. 
H., 330. 

diagonals, 558. 

diastrophism, 77, 83. 

differencest, see resemblancest. 

differential interactiont, 8. 

differentiationt, 19; — of struc- 
turet, 13. 
diffuse nebulae, 92. 

digestion, 162. 

dilemma, 458. 

dimensional order, 519, 521. 

dimensions, 351, 354, 535, 546, 552, 
555f, 564, 574, 576. 

Dirae, P. A. M., 470. 

directions, 544. 

discharge of reflexes, etc., 289, 307, 
581. 

discontinuity (geometric-kinemati- 

- @al), 538, 540, 547, 562, 564; 
(metaphysical), 18, 582. 

discourse, 384, 386, 433. 

discrepancy, as related to mind, 219, 
241; in space-time, 27, 564. 

disintegrationt, 15, 580f, 584. 

disjunction, ete. (logic), 403, 406, 
412, 416f, 420, 44177, 446, 45477. 

distance, 542; — receptors, 291, 304. 

distributions of energy, 29*; — of 
terms, 447. 

divisibility, magnitude of, 476, 535. 

division, cell-, 140*; logical, 406, 
419; numerical, 354, 4867f, 501. 

divisors, greatest common, 494. 

domestication, 181f, 188, 192. 

double bonds, 400 n. 72. 

double-language theory, 216. 

double negatives, 400, 405. 

Driesch, H., 113, 163, 341. 

dualism, epistemological, 216. 

Dunlap, K., 216. 

duration, 538. 

dyadic relationshipt, 7. 

dyads (metaphysics), 386; (morph- 
ology), 150. 

dynamics, 77. 
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earthquakes, 83. 

Eaton, R. M., 362, 384*, 477. 

economic groups, 204. 

economies, 194. 

Eddington, A. S., 25*, 52, 54, 58*, 
72*, 94f, 102, 108 n. 43, 154, 352, 
374, 382f, 470, 533f, 540, 549, 
575f. 

education, 333. 

effectors, 217. 

efferent conduction, 232. 

effort, 307. 

Einstein, A., 28 n. 16, 107*, 352. 
See relativity. 

Einstein universe, 106/f, 326*, 336. 

electrons, 48*, 231, 576. 

elimination (logic), 403, 425, 447. 

ellipses, 571. 

embryos, 151, 160f, 218. 

emergent evolutionism, 18, 113, 335, 
349, 352, 523, 584 n. 6. 

Emmons, W. H., 81. 

emotions, 257, 259*, 294. 

empty classes, 391, 404. 

enclosure, 527; — series, 531 n. 52. 

end-reaction complexes, 262, 284, 
290, 293*, 575. 

endoderm, see gastrula. 

ends (geometry), 547, 552; 
chology), 288, 300. 

energetics, 25. 

energies, 47, 50, 216; distributions 
Olea. 

energy patterns, 335. 

England, 194, 201. 

engrams, 288, 290. 

enotation, 3, 9, 14, 224, 242, 366, 
363 n. 8, 372, 397, 4017, 407, 425, 
435, 445, 449, 452, 456, 460, 465, 
473, 475, 479f, 491/f, 514, 525f, 
528, 5381, 536, 542, 547, 557, 581. 

entropy, 45, 107f, 125. 

enumeration, 426, 491. 

environment, inorganic, 114. 

enzymes, 120, 121*. 

epicritic sensibility, 331f. 

Epimenides problem, 351. 

epiphenomenalism, 215. 

epistemology, 2, 216, 339, 346, 454, 
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525, 532. 
action. 
epitomization, definition of, 5, 19; 
general statement, 1*; history, 
vii; objections, vilif; summary, 
x, 582; — and contemporary phi- 
losophy, 583*; and epistemology, 
see epitomizing interaction; and 
experimental verification, 41; and 
logical validity, 3865, 585; and 
metaphysics, 335*; and subsistent 
realms, 345*, 364; by levels, 5, 

578; by realms, 19, 578f. 
epitomizing interaction, 2, 215, 339. 
equality, 398, 479, 549. 
equations, 353, 483, 554. 
equipartition of energy, 45. 
equivalence, 398, 406, 483, 490, 526, 

556. 
erosion, 77. 
essences, 345, 347, 364, 583. 
eternal objects, 348. 
eternity of subsistents, 425. 
ethics, 586f. 
ethnology, 199. 

Euelid, 461, 545, 548. 
Euclidean geometry, 520, 522, 555; 

— space, 576. 

Europe, 207. 

euthenics, 194. 

evaluation, 316. 

event-particles, 349, 524, 534, 574. 
events, 28, 349, 524, 532f, 560. 
Everett, W. G., 314/f, 320. 
evolution, 4, 90, 170f, 333, 340, 356, 

582, 584. 
evolutionary naturalism, 215. 
excitation ares, 219%. 
excluded middle, 404. 
exclusion, 400, 454/77. 
executive, 198, 204. 
existent realms, 350, 579*. 
exogamy, 199. 
expanded form of number, 476. 
exploitation, 194. 
expouential series, 513. 
exponents, 501. 
extension (Whitehead), 411, 524. 
extensional logic, 3538, 393, 420, 

426f, 471f, 474; — properties of 
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numbers, 495, 498; of points, 527. 
extensive abstraction, 523*. 
external relations, 15, 383, 427. 
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factors, 489, 495, 50177, 50677. 

Balk; Ke oalZ i. 

falsehood, 385. 

families, 177*, 203; — of curves, 
571. 

Fano, G., 541. 

fatigue, 251, 307. 

fear, 277. 

Fechner, G. T., vii. 

felt difficulty, 273, 279, 283. 

fertilization, 1687. 

fertilized egg, 150, 157f, 160, 165/f. 

fibers, 230ff, 239, 247, 249, 265, 
269, 289. 

fibrillar theories, 232. 

fibrils, 23077, 259, 269, 289. See 
neurofibrils. 

Fichte, J. G., 345. 

fields of force, 45. 

figures (geometry), 354, 
(psychology), 263, 277. 

filterable viruses, 122. 

final common path, 275. 

Fischer, E., 119, 121. 

fluorescence, 116. 

Follett, M. P., 318, 334 n. 144. 

force, 26, 51, 348, 352. 

form, algebraic, 481, 491. 

formal implication, 452; — validity, 
365, 585. 

four-dimensional geometry, 544, 556, 
564, 574/f. 

Fourier, J. B. J., 36. 

fractions, 475, 488, 510. 

France, 202. 

Franklin, ©. L., 242. 

freedom, 316. 

Freud, 8., 288, 307. 

functional psychology, 256, 267, 318. 

functions (logic), 415, 527; (math- 

ematies), 486; — and structures 
(metaphysics) t, 12. 

fusion (psychology), 280, 283. 
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‘<o?? (Spearman), 285. 

galaxies, 101*. 

ganglia, 239/f, 246/77. 

ganglion cells, 231*, 239f. 

Gaskell, W. H., 273. 

gastrula, 152, 161, 242, 248. 

Gauss, K. F., 520, 577. 

Geddes, P., 132, 1497f, 286. 

generalizations, 301, 354, 418, 427/f, 
431*, 461. 

generic discontinuity, 18, 581f; — 
judgment, 428. 

genes, 122*, 139. 

genetic continuity, 18, 58I1f. 

genetics, 170, 172. 

genus, 438. 

geo-chronometry, 519. 

geodesics, 556. 

geology, 77. 

geometric-kinematical 
Ba0eebli**, 578". 

geometrical element, 526, 545 n. 5. 

geometry, 347, 517**; — and num- 
ber, 521 ff; and physics, 26, 348, 
355, 577. 

Germany, 201. 

germ-cells, 150, 154, 161, 1657f. 

Gestalt, 19 n. 24, 36, 257, 259%, 
294, 301, 304, 335, 349. 

Getzendaner, F., 145f. 

Gibbs, W., 128. 

Giddings, Fy HH... 1757, 179", 192*, 
330. 

Gifford, A. C., 67, 85, 99, 104. 

Ginsberg, M., 290, 304. 

God, 372, 586. 

Goldenweiser, A. A., 181, 186, 189, 
193*. 

Gortner, R. A., 122 n. 12, 124*, 130 
i ie 

government, 198. 

grammar, 385, 394. 

Granger, F. S., 196. 

Geass: B., 197. 

gravitation, 99. 

Greece, 194, 208. 

Green, J. R., 220. 

ground, 407. 


realm, 21, 
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groups (logic), 389, 420, 423; 
(mathematies), 464, 494, 510. 
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Haas, A., 66, 78. 

habitat, 153, 179. 

habits, 286. 

Haeckel, E., 133, 152. 

Haldane, J. 8., 137, 163, 338 n. 16, 
341, 584 n. 6. 

Halliburton, W. D., 130, 145. 

Harden, A., 126. 

Harkins, W. D., 62, 67. 

Harper, R. A., 125. 

Hart, B., 294, 296, 305, 322. 

Havet, J., 235. 

Head, H., 238, 331f. 

Hedges, E. S., 129. 

Hegel, G. W., vii, 205, 580. 

Heidenhain, M., 136. 

Heisenberg, W., 51, 64. 

helium, 57, 62f, 67, 79, 867f, 91. 

hemispheric populations, 205, 207. 

Henderson, L. J., 118 n. 41, 128. 

Herbertson, A. J., 184, 210. 

herbivori, 180, 185. 

hereditary properties, 424, 453, 494. 

heredityt, 15. 

Herrick, C. J., 
268*, 297, 332. 

Hertwig, O., 133, 222. 

Hilbert, D., 866, 469, 492 n. 41, 
521, 551. 

history, philosophy of, 186, 192. 

Hobhouse, L. T., 208, 258. 

Hobson, J. A., 206. 

Hocking, W. E., 261, 323. 

Hoffman, W. F., 124. 

Holgate, T. F., 562. 

holism, 335, 349. 

Holkers effect, 129. 

Hollingworth, H. L., 279 n..112, 288 
n. 148, 304 n. 68. 

Holmes, S. J., 224. 

Holt, E. B., 260. 

van der Hoop, J., 261, 299, 322. 

hordes, 177*,; 193,° 198. 

hormones, 163. 

Horowitz, B., 121. 

Hubble, E., 101, 1047. 


225, 231*, 239%, 
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Hunter, W. H., 118 n. 41. 
Huntington, Edward V., 528, 561. 
Huntington, Ellsworth, 74, 77, 96. 
Husserl, E., 350, 433. 

Huygens, C., 43. 

hybrids, 169. 

hydrogen, 56f, 63, 72. 

hylozoism, 583. 

hyperboles, 571. 

hyperspace, 577. 
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idealism, 32, 216, 218, 314, 345, 364, 
575, 584 n. 6, 585, 588. 

ideals, 313%. 

ideas, 301, 309, 313, 330, 347. 

identical equations, 483, 490. 

identity, logical, 397, 454, 473, 538. 

illative relation, 451. 

images, 249, 270f, 273, 279/f. 


imaginary elements, 563; — num- 
bers, 514. 

immediate inference, 453; —- values, 
315. 


immigrants, 195, 202. 

impact, 38. 

implication, 361, 380, 391, 416, 421, 
439, 45177, 464, 585. 

implicit duality, 3, 264, 273, 315, 
373, 386, 392, 452, 525. See eno- 
tation, innotation. 

impossible, 372f. 

improper fraction, 488. 

impulses, 216. 

inclusion, 433, 437, 447, 449, 501, 
525, 528, 581. 

incommensurable 
numbers, 490. 

incompatibility, 416. 
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